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ARTICLES OF INCORPORATION. 


THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS. 


STATE OF NEW YorRK, a 
City AND County oF NEW YorK, 


We, the subscribers, WM. H. Wess, Cuas. H. Cramp, GEORGE E. WEED, 
H. Taytor Gause, WiLliam T. Sampson, Horacké SEE, FRANK IL. FERNALD, 
Francis IT. BowLEs, WASHINGTON L. Capps, Epwin D. Morcan, GEORGE W. 
QUINTARD, HARRINGTON PUTNAM and JAcoB W. MILLER, being persons of full age 
and citizens of the United States, of whom a majority—namely, William H. Webb, 
George E. Weed, Horace See, Edwin D. Morgan, George W. Quintard, Harrington 
Putnam, Frank L. Fernald, and Jacob W. Miller—are citizens of and residents of 
and within this State, desiring to associate ourselves for scientific purposes under, 
and pursuant to, an Act of the State of New York providing for the incorporation 
of benevolent, charitable, scientific, and missionary societies, passed April 12, 
1848, and the several acts amending or supplementing the same, do hereby, in 
accordance with the requirements thereof, certify as follows :— 

First. The name or title by which the Society shall be known in law is THE 
SOCIETY OF Naval ARCHITECTS AND MARINE ENGINEERS. 

Second. ‘The particular business and objects of such Society are the promotion 
of practical and scientific knowledge in the arts of shipbuilding and marine engi- 
neering and the allied professions, and in furtherance of this object, to hold meetings 
for social intercourse among its members, and the reading and discussion of profes- 
sional papers, and to circulate by means of publication the knowledge thus obtained. 

Third. ‘The number of directors, trustees, or managers to manage the Society 
shall be seven, and shall consist of a President, a Secretary, and five Members of 
Council. 

Fourth. The names of the trustees, directors, or managers of the Society for 
the first year of its existence are:—President, Clement A. Griscom; Secretary, 
Washington L. Capps; Members of Council, Francis T. Bowles, H. Taylor Gause, 
Chas. H. Loring, Lewis Nixon, Harrington Putnam. 

Fifth. ‘The business of the Society is to be conducted, and its place of business 
and principal office is to be located, in the City and County of New York. 

In WITNESS WHEREOF we have made, signed, and acknowledged this certif- 
icate, this 28th day of April, 1893. 


WILLIAM H. WEBB. FRANCIS T. BOWLES. 
CHAS. H. CRAMP. W. L. CAPPS. 

H. T. GAUSE. E. D. MORGAN. 
GEORGE E. WEED. GEORGE W. QUINTARD. 
W. T. SAMPSON. HARRINGTON PUTNAM. 
HORACE SEE. J. W. MILLER. 


F. lL. FERNALD. 
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City AND CouNntTY oF NEW YORK, Ss: 

On this 28th day of April, 1893, before me personally appeared William H. 
Webb, Charles H. Cramp, H. Taylor Gause, George E. Weed, William T. Sampson, 
Horace See, Frank L. Fernald, Francis T. Bowles, Washington L. Capps, and 
Edwin D. Morgan, to me known and known to me to be the persons described in 
and who executed the foregoing certificate, and severally acknowledged to me 
that they executed the same. 

JAMES FORRESTER, 
Notary Public, Kings Co., Cert. N. Y. Co. 


City AND CouNTY OF NEW YORK, ss: 

On this 1st day of May, 1893, before me Borconaliyy appeared George W. 
Quintard and Harrington Putnam, to me known and known to me to be the 
individuals described in and who executed the foregoing certificate, and they 
severally acknowledged to me that they executed the same. 

JAMES FORRESTER, 
Notary Public, Kings Co., Cert. N. Y. Co. 


Ciry AND CounTY oF NEW YORK, ss: 

On this 9th day of May, 1893, before me personally appeared Jacob W. Miller, 
to me known and known to me to be one of the individuals described in and who 
executed the foregoing certificate, and he duly acknowledged to me that he exe- 
cuted the same. 

JAMES FORRESTER, 
Notary Public, Kings Co., Cert. N. Y. Co. 


(ENDORSED. ) 


Upon reading the within Certificate for the Incorporation of the Society of 
Naval Architects and Marine Engineers, I hereby approve and consent to the 
incorporation thereof and the within certificate and filing thereof, and direct that 
the same be filed in the office of the Clerk of the City and County of New York. 

Dated New York, May 10, 1893. 

EpwD. PATTERSON, 
Justice of the Supreme Court in the State of New York 
an and for the City and County of New York. 


CONSTITUTION AND BY-LAWS OF THE SOCIETY OF NAVAL 
ARCHITECTS AND MARINE ENGINEERS. 


ARTICLE I. 
Name and Object. 


1. The name of this Association shall be “THE SocizeTyY oF NAVAL ARCHI- 
TECTS AND MARINE ENGINEERS.”’ 

2. Its object shall be the promotion of the art of shipbuilding, commercial 
and naval. 

3. In furtherance of this object, annual meetings shall be held for the reading 
and discussion of appropriate papers and interchange of professional ideas, thus 
making it possible to combine the results of experience and research on the part of 
shipbuilders, marine engineers, naval officers, yachtsmen, and those skilled in 
producing the material from which ships are built and equipped. 


ARTICLE II. 
Membership. 


1. The Society shall consist of Members, Associates, Juniors, Honorary Mem 
bers and Honorary Associates. 

2. Members.—(1) The class of Members shall consist exclusively of Naval 
Architects, Marine and Mechanical Engineers, including Professors of Naval Archi- 
tecture or Mechanical Engineering in colleges of established reputation. 

(2) A candidate for this class must be not less than twenty-five years of age 
and comply with the following regulations:—He shall submit to the Council a 
statement showing that he has been engaged in the practise of his profession, in a 
responsible capacity, for at least three years, and setting forth his grounds upon 
which he bases his claim to membership. This statement shall be signed by three 
Members, who shall certify to their personal knowledge of the candidate and 
approval of his statement. 

(3) In the case of persons not American citizens, the signatures of three Mem- 
bers shall be required in confirmation of their personal knowledge of the candidate’s 
scientific attainments. 

(4) If three-fourths of the Members of the Council present are in favor of the 
admission of the candidate, his name shall be submitted to the members of the 
Society at the next meeting, the voting to be by ballot, should a ballot be 
demanded. , 

3. Associates.—(1) The class of Associates shall consist of all persons who, by 
profession, occupation, or scientific attainments, are qualified to discuss the 
qualities of a ship. 
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(2) Candidates for this class shall submit to the Council a written statement of 
their qualifications for membership. If considered by three-fourths of the Council 
present duly qualified for Associate membership, their names shall be submitted to 
the Society at its next meeting, to be voted upon by the Members and Associates, 
voting to be by ballot, should a ballot be demanded. 

4. The proportion of votes for deciding the election of Members and Associates 
shall be at least four-fifths of the number recorded. 

5. Juniors.—(1) The class of Juniors shall consist of graduates of technical 
_ schools of established reputation, or persons who have not less than two years’ 
practical experience in marine engine works or shipyards. 

(2) Candidates must be at least eighteen years of age and certify their inten- 
tion to continue in the profession and become naval architects or marine engineers. 

(3) Juniors shall be eligible for transfer to the class of Members after fulfilling 
the necessary conditions; when they are twenty-six years of age they shall be 
offered the option of being transferred to active or associate membership, if they 
duly qualify; but if they do not accept such offer, or do not qualify, they shall be 
dropped from the rolls of the Society. 

(4) The admission of Juniors shall be by a favorable vote of three-fourths of 
the members of the Council present. 

(5) Juniors shall have no voice in the government of the Society or admission 
of members. 

6. Honorary Members and Honorary Associates.—The Council may elect Hon- 
orary Members and Honorary Associates, the total number not to exceed twenty- 
five. They shall be persons of acknowledged eminence in their profession upon 
whom the Council may see fit to confer an honorary distinction. 


ARTICLE III. 
Dues. 


1. The entrance fees, payable on admission to the Society, shall be as fol- 
lows :— 


Members and Associates, ten dollars; Juniors, five dollars; Honorary Mem- 
bers and Honorary Associates, no fees. 

2. The annual dues shall be as follows :— 

Members and Associates, ten dollars; Juniors, five dollars; Honorary Mem- 
bers and Honorary Associates, no dues. 

3. A member transferred from one grade to another shall pay the difference 
between the entrance fees of the two grades, and his annual ales shall be those 
of the grade to which transferred. 

4. The annual contributions shall be payable in advance on the first day of 
January. The Secretary shall notify each member of the amount due for the 
ensuing year at the time of giving notice for the annual meeting. On election, 
each member shall pay his entrance fee and annual dues for the current year 
and be entitled to receive the proceedings of the annual meeting of the year during 
which he is elected. 
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5. Members and Associates can compound for all future dues and become 
Life Members and Life Associates, by making a single payment of two hundred 
dollars and signing an agreement to conform to any future amendments to the 
Constitution and By-Laws. 

6. Members are entitled to no return of fees on severing their connection 
with the Society. 

7. Any member whose dues are more than three months in arrears shall be 
notified by the Secretary. Should his dues become six months in arrears he 
shall be again notified by the Secretary and his rights as a member suspended. 
Should his dues become one year in arrears, the delinquent member shall forfeit 
his membership in the Society unless the Council may deem it expedient to extend 
the time of payment. 

8. The Council may, in its discretion, temporarily suspend the annual pay- 
ment of dues by any member whose circumstances have become such as to make 
such payment impossible, and may, under similar circumstances, remit the whole 
or a part of dues in arrears. 

9. No name shall be entered on the rolls as Member, Associate or Junior, nor 
shall the privilege of membership be enjoyed until all dues shall have been paid; 
if the payment be delayed for more than six months from the date of election 
the same shall be void unless the Council otherwise direct. 

10. (1) Should the expulsion of any member be judged expedient by five or 
more members, they must draw up and sign a proposal requesting such expulsion, 
delivering the same to the Secretary, to be laid before the Council. 

(2) If the Council do not find reason to concur in the proposal, no entry 
thereof shall appear in the minutes, nor shall any public disctssion thereon be 
permitted. 

(3) If, however, the Council find the charges contained in the proposal for 
expulsion substantiated, the accused member shall be notified and given an 
opportunity to resign. If he avails himself of this privilege, no entry shall be 
made on the minutes nor public discussion of the case permitted; but if he declines 
to resign and offers no satisfactory explanation of the charge, the whole case shall 
be submitted to a special meeting of the Society. 

(4) If two-thirds of the members at this special meeting (provided there be 
not less than twenty present) vote for expulsion, the chairman of the meeting 
shall cause the accused to be expelled from the Society, and direct the Secretary 
to notify the accused of this action. 


ARTICLE IV. 
Officers. 


1. The officers of the Society shall consist of a President, Past Presidents, 
twelve Vice-Presidents, twenty-four Members of Council, and a Secretary and 
Treasurer. 
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2. Both Members and Associates are eligible for the offices of President, Vice- 
President, and Members of Council, but three-fourths of the Council shall be 
Members. 

3. Prior to the date of the annual meeting of the Society of the year with 
which the term of the President expires, the Council shall nominate a candidate 
for the office of President, whose name shall be presented to the Society for elec- 
tion at the annual meeting. Any other candidate whose nomination, signed by 
at least sixty Members and Associates, shall have been submitted to the Secre- 
tary prior to the annual meeting shall also be presented. The candidate receiv- 
ing the highest number of votes shall be the President for the ensuing three years. 
The first President under this rule shall be elected at the annual meeting in 1906 
and his term of office shall begin January first, 1907. The President shall not be 
eligible for election as his own successor. 

4. The term of office of the Vice-Presidents shall be six years. Prior to the 
annual meeting in 1906 the Executive Committee shall by lot divide the present 
list of Vice-Presidents into six classes, so that the term of two of their number 
shall expire at the end of 1906, and two others at the end of 1907, and so on to 
the year 1911. The Vice-Presidents to fill the vacancies occurring each year in 
any class shall be elected by the Council from their own membership. Retiring 
Vice-Presidents shall be eligible for re-election. 

5. The term of office of the Members of Council shall be three years. Prior 
to the annual meeting in 1906, the Executive Committee shall by lot divide the 
present list of Members of Council into three classes, each class consisting, as near 
as may be, of six Members and two Associates. The terms of office of the three 
classes shall expire at the end of the years 1906, 1907, and 1908 respectively. 
Retiring Members and Associates shall be eligible for re-election. Prior to Sep- 
tember first of each year the Executive Committee shall prepare voting lists to 
fill the places of retiring Members and Associates, Members of the Council. The 
list shall contain the names of at least twelve Members and at least four Associates 
as candidates for the vacancies. ‘The lists shall contain the names of all retiring 
Members and Associates who shall not have declined re-election and of all candi- 
dates who shall have been nominated in writing by not less than twenty Members 
in the case of Members, and not less than twenty Members and Associates in the 
case of Associates. No nominations received by the Secretary after August 
fifteenth shall be considered. Should such nominations not be sufficient innumber 
to fill up lists of at least twelve Members and four Associates as candidates, the 
Executive Committee shall add sufficient names to fill out these numbers. The 
voting lists shall be mailed as soon as practicable after September first of each year 
to Members and Associates. Each Member may vote for not more than six Mem- 
bers and two Associates for the Council, and each Associate may vote for not 
more than two Associates. The ballots shall be returned by mail to the Secretary 
and canvassed at the annual meeting. The six Members receiving the highest 
votes shall be declared elected Members of Council, and the two Associates receiving 
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the highest votes shall be declared elected Associate Members of Council, for 
the term of three years. 

6. A vacancy in the office of President shall be filled by ballot by the Council 
from the list of Vice-Presidents until the end of the year in which it occurs. At 
the annual meeting of that year a new President shall be elected for three years 
in the manner prescribed in paragraph 3. A vacancy in the office of Member of 
Council shall be filled by the Council for the unexpired portion of the term of 
the Member or Associate causing the vacancy. 

7. The Presidents, Past Presidents and Vice-Presidents shall be ex-officio 
Members of Council. 

8. The Council may hold meetings, subject to the call of the President, as 
often as the interests of the Society may demand. 

g. At all meetings of Council, five members shall constitute a quorum. 

10. The Secretary and Treasurer shall be elected annually by the Council, 
but may be removed at any time by a majority vote of the Council after due 
notice has been given. 

11. The Secretary must be a Member of the Society. 


ARTICLE V. 
Management. 


1. The President shall have general supervision over affairs of the Society, 
appoint special committees, and preside at the annual general meetings. He shall 
be ex-officio member of all committees. 

(2) In the absence of the President, the Vice-Presidents, in the order of 
seniority, shall preside and perform all the duties of the President. 

2. The direct management of the Society shall be vested in an Executive 
Committee composed of five Members of Council elected annually by the Council, 
the President and Secretary of the Society being ex-officio members of the Com- 
mittee. At least three of the five elective members of the Committee shall be 
Members of the Society. 

3. The Executive Committee shall manage the affairs of the Society in con- 
formity with the laws under which it is incorporated, and the provisions of the 
Constitution. It shall direct the investment and care of the funds of the Society; 
make appropriations for specific purposes; arrange for the reading and publication 
of professional papers under such regulations as the Council may, from time to 
time, prescribe; take measures to advance the interests of the Society, and gener- 
ally direct its affairs. 

4. The Executive Committee shall make an annual report to the Society, 
transmitting the report of the Secretary and Treasurer and of any specialcommittee 
which may have been ordered. 

5. The Secretary shall be the executive officer of the Society under the 
immediate direction of the President and Executive Committee. 
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(2) He shall prepare the business for the annual meetings and record the 
proceedings thereof. 

(3) He shall be reponsible for all expenditures and certify the accuracy of 
all bills or vouchers upon which money has been paid, and he shall conduct the 
correspondence of the Society and keep full records of the same. 

6. The Treasurer shall see that all money due the Society is collected and 
carefully invested in such manner as the Executive Committee may direct. If 
considered advisable by the Council, the duties of Treasurer may be performed 
by the Secretary. 

7. The accounts of the Secretary and Treasurer shall be audited annually 
by a special committee of three Members of the Council appointed by the Presi- 
dent of the Society. 


ARTICLE VI. 
Meetings. 


1. There shall be at least one annual general meeting of the Society for the 
reading and discussion of professional papers, election of officers for the ensuing 
year, and transaction of such other business as may be brought before it. The 
time and location of this meeting shall be determined by the Council at least three 
months prior to the date fixed. 

2. Special meetings may be called by the Executive Committee at the request 
of twenty members, which request shall state the purpose of the meeting. The 
call for such meetings shall be issued ten days in advance, and shall state the pur- 
pose thereof. At these meetings, thirty members shall constitute a quorum. 

3. The Society may adopt from time to time such rules as it may think 
proper for the order of business at its meetings. 

4. Special meetings of the Executive Committee may be held at any time 
subject to the call of the Chairman; and four members shall constitute a quorum 
for the transaction of any business that may be properly brought before the © 
Committee. 


ARTICLE VII. 


Amendments. 


1. Proposed amendments to this Constitution must be reduced to writing 
and signed by not less than ten members. They shall be forwarded to the Secre- 
tary at least ten days before the annual general meeting, and shall be immediately 
forwarded to the Council for its consideration. If a majority of the Council 
approve the proposed amendment, it shall be presented to the Society at the 
next ensuing general meeting for discussion; if approved by two-thirds of the 
members present, voting by ballot, if a ballot be demanded, it shall be adopted. 
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EIGHTEENTH GENERAL MEETING OF THE SOCIETY OF NAVAL ARCHITECTS AND 
MARINE ENGINEERS. 


THURSDAY MORNING, NOVEMBER 17, I9I0. 
The Eighteenth General Meeting of the Society of Naval Architects and 
Marine Engineers was held in the United Engineering Societies Building, New 
York City, Thursday and Friday, November 17 and 18, 1909. 
The President, Stevenson Taylor, called the meeting to order at 10.30 
o'clock A. M., Thursday, November 17. 


THE PRESIDENT :—The gentlemen will please come to order. The first in the 
order of business will be the reading of the Report of the Secretary-Treasurer by 
Secretary Baxter. 

REPORT OF SECRETARY-TREASURER. 
NOVEMBER IO, I9I0. 
To the Council, 
Society of Naval Architects and Marine Engineers. 

GENTLEMEN: I have the honor to submit the following report showing the 
condition of the Society at the close of the fiscal year ended October 31, 1910. 

The membership of the Society, November 1, 1910, was as follows :— 
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The following deliquencies exist in the payment of dues :— 
No. Amount. Total. 
For the year ended December 31, 1906:— 
INSSOCIATES RIN He Cee ata cio Sen epee as B $30 00 $30 00 
For the year erded December 31, 1907 :-— 
Menbersmenwerr steer wer ven ete toutes te ma B 30 00 
INGSOCIALES Pate Soa iainio te oa int oo ealadieetee. 3 30 00 
60 co 
For the year erded December 31, 1908:— 
IMPETIa eT Sete tet miata easier teacs haere, eta ayes at aspire 10 $100 CO 
INSSOCIALESR IC Sas REAR eran cn adi yatta ny 9 95 ©O 
ptianOLseme yee ee tert eee tts Sareea le 8 4 20 CO ‘ 
215 co 
For the year ended December 31, 1909:— 
Teall OPES es A el rea aan A ace a a 210) S310) 00 
NSS OCIA LCS HE er aa ae sua aces epee ch ove ten toa wi oe 21 219 CO 
H(t OR Se tscesrts ce eps cheese cess here e dustscel eer 12 60 co 
580 CO 
For the year ending December 31, 1910:— 
INMGTIMDEKSprens Nohe rae ae ah eanainme Ris wae oom miele 83 $827 CO 
ENSSOCIA LES nee Buen wor ie ease ne tene ms eRe re sas 43 430 Co 
AUTON SP (che tages as ethers cif os eae cad ois 32 160 00 
1,417 00 
Total outstanding dues at October 31, 1910...............- $2,302 00 


During the past year, by authority of the Council, delinquent dues were charged 
off against suspended members to the amount of $2,247.28. These particular 
members were given every possible opportunity to avail themselves of continued 
membership and the amounts were held in abeyance until a final communication to 
each delinquent by registered mail failed to give results either in remittances or 
explanations of circumstances. This reduction in the Society’s income, together 
with the loss from resignations and deaths passed upon at the November, 1909, 
session has brought the available income down to a reasonable estimate of its 


present worth. 
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FINANCIAL 
RECEIPTS. 
From November 1, 1909, to October 31, 1910, inclusive. 
Entrance fees of new members for the year ending December 31, 1910:— 
MembersiandeAssociatest (415) seer eieeieeciaieieee ii teitasienee terete: $450 00 
JWOD @Bavccoccccososaccceoccscvospopsouc0900s000s00cecgccdeana08 40 00 
$490 00 
Rromotonkore) iUmoxrsit omer bers! (7) relies ele tte eee tetee keene eee ete eee 43 00 
Dues for year ending December 31, 1910:— 
aNMembers and Assoclatestacr mri ciervrntaacrealiretomiciel asrer vienna erent $5,347 00 
Wilton > luocsooodsumdourmacAocb ob acoOKoUd GOO oROGoOnADodeanOKN Ge 180 00 
5:527 00 
Dues for year ended December 31, 1909:— 
fembers’ and Associates'y. cis ehies sree weitere coc terite Sere ats $1,763 oo 
A Chivolg es An anon oto orso nen anidda on op dauoooOuD ATA cacaac 130 00 
1,893 00 
Dues for year ended December 31, 1908:— : 
IMemberstandpAssociat espe ertietlee itil bate taien erie tt ata $149 oo 
JMO. casccancodvancagonoosdnonsoopbonvodooooooHoONURdoODEdeoODS Io 00 
159 00 
Dues for year ended December 31, 1907 :— 5 
MembersiandeAssociatespr sis -acien tector eleiererimte neice aricastereteirereas eter tee $60 00 
CMO Bs 50 ao do Gocco DOO DONOgDOUUHEOCONADAPOOA OO ANAUQDS ODDO NOOO EUS I5 00 
75 00 
Dues for year ended December 31, 1906:— 
Membersrandeassociatespreryartarier-teretterstetetateieieleiciatcisteielsienekenel ocersteretenetstrer siete $80 oo 
JUNOT. 5 sola coon ssbo sno oneeHo DD OD OND OGNOOHNODDGOUOOGOONDODDDODOUEC 5 00 
85 oo 
Dues for year ending December 31, 1911, paid in advance......--.- +... 1s sss sees essen eee 35 00 
Sales of publications:— 
Specialeeditionsiotapapershrenitk i tarts seit erie ten teen $87 40 
Society transactions to members and dealers..............--+.0eeeeaee 1,008 05 
1,095 45 
DseoEMEe Ol Chea ke—GeM SY Gh, oc ononcossoanoDs doo Dan AoooOoOUENODDOORSODOUUCHD 14 99 
Banquet—annual meeting, 1909. .......... 20... eee eee eee eee eee $595 00 
LSE WAEAWING, NO)I@. conacoshcoodococordooonsuopsetnonoboneecee 30 00 
625 00 
Interest :— 
@n municipal bonds, City of New York..:......................-.---. 647 50 
On bank balances—Franklin Trust Company...................+-.-4-- 5 69 
653 19 
Recovery of transportation and expense charges.............. 0. es ee cece eee eee eee eeee 20 04 
ANopecW Wace | Creatas ome ea bes at cnn Ga toecom ecto poo ce candaaod et ac $10,715 67 
Balance, cash in bank and on hand, November 1, 1909. ..... 6... esse eee eee eee e eee eees 152 85 


$10,868 52 
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STATEMENT. 
DISBURSEMENTS. 
From November 1, 1909, to October 31, 1910, inclusive. 
Publications:— 
Printinga Volume signm errr atria ele civak ais cleteseie ele teric eres $5,853 43 
Miscellaneouseprim tin gaia taeiae tl heeioieietore cieueeletscctehe csp etic beer stveno nets 305 12 
Forwarding volumes, papers and membership year books............... 113 81 
S Lora perofev.o lim |ESarp ts leaatar wats receastateus seater tense et-tetsecvol shore volsiaverssetateanty sven gt 20 
——— Haass HS 
RentiofiSare Deposit box phranklinhrust| Cone peiplile icicle eiricis cielsieicie cecil ieistotel ste ele 5 00 
Expenses 17th annual banquet, November, 1909..........-- eee e cece cece eee ee eee 680 47 
Expenses 17th annual meeting, November, 1909, postage, programmes, etc................ 494 47 
Expenses 18th annual meeting, November, 1910, postage, programmes, etc................. 78 21 
Special secretary, services and expenses, new members........................ Gro peiiotate 445 00 
Pxchancelonmrenmittances members, QUES). iii ie oo aici eile ie 7 39 
SHibyrias engl Glarieall QYOSMEES; oss occccehsvocvosdccccnD DED OOD DED DD DOHOUOUODOODOoEbODO TEBAQ Gil 
Audit of books and accountsto November 1, 1909.....--------- +e eee eee e eee ete e eens 150 00 
Nem tOlt SOCLe LY ATOOIS siereyess snakes cious ist ehexe se lebesevevohedevesercas) are ieord) she Gis ies eeevegs ailshejeves sss vensnyseece esis 750 00 
@ticevexpensesypostagerstationenya tC eraser peleicio eo cherel-lolete iioreisi ersten sae sirloin 490 21 
MRotalidishtursementse srry eo teras isch rereterelelelavevslensic cue chaise ait eh arctsnetekensyaheral cane deurcsyese $10,797 65 
Balance, cash, October 31, 1910:— ; 
lin) Ogi hin IESE Corb co ooo conueHEo as oDooSeuEDOOUUDDOONAadCUdE $70 17 
OW EMG ses ocinedaubse NEGO RCO CaCO RS ODOC MOC eamo em arae Somers 70 
ici 70 87 


$10,868 52 
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Statement of Resources and Liabilities. 
RESOURCES. 


Membership dues due froni members after deducting for deaths and 


resignations ($50.00) and for doubtful accounts ($250.00) ....,. $2,002 
DNS inronn Clemens tore WON 5 oon ovddsccocosopaseesouuwocuud: 816 
Lig MCA TONS OM IWeVNGl, BE GOSE. soccedcocoanannsegoonagccuagccus 7,762 
Municipal bond sarc eu enti seas nei e A biee yc onan ads eee Spee 12,560 
Ojiiwe iimmanitorce gravel COU MNSTIE osc o cc ascaacoscesencnosonsece W372 
Cashion deposit shranidingi nists Compania sere ee eee eer ~ 70 
Garshii@ ratshrenra cle ye ave ray Sie eter ae nea eect ne eee oe 
hotaleresaunees 02. etree rn eae eae Ae Rate eye $24,584 
LIABILITIES. 
By byaves Chie jombausse ioye WOltebINS ING, W7/oscaccpacccasesoeecoegcacs $600 
Societys present iwontlisecaxm sicicue eo-sa sete onc ncye) © ey oua sere eee l mettre eee $23,984 


(ole) 
50 
60 
CO 
83 
17 
eye) 


80 


fefe) 


80 


The financial statements have been verified by the Universal Audit Company 


of New York. 


The following deaths and resignations have occurred during the past year :— 


Deaths (6). 


Members (6)— 
W. T. Powell. 
S. W. Robinson. 
C. R. Roelker. 
Horace See. 
N. P. Towne. 
F. M. Wheeler. 


Resignations (22). 


Members (8)— 
R. H. Allen. 
W. C. Besselievre. 
W. A. Fairburn. 
J. F. Hanscom. 


J. B. Hoover, : 
P. H. Middleton, 

J. W. Sims. if 

W. M. Wallace. i 
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Associates (11)— 
C. H. Arnold. 
R. G. Bickford, - 


. O’Connor. 
. P. White. 
Juniors (3)— 
(CaleeB ettaya 
W. T. Dimm, 
J. F. Sullivan. 


Respectfully submitted. 
WILLIAM J. BAXTER, 
Secretary-Treasurer. 


During the reading of the report of the Secretary, before the reading of the 
deceased members, the President said: ‘‘Gentlemen, rise in memoriam.” 
All the members present rose while the names of deceased members were read. 


THE PRESIDENT:—What is your pleasure, gentlemen, as the report of the 
Secretary-Treasurer? It is also the report of the Council. 


It was moved, seconded and carried unanimously that the Report of the 
Secretary-Treasurer be received and placed on file. 


THE PRESIDENT :—Next in order is the announcement of the election of the 
following officers, by the Council: 


VICE- PRESIDENTS. 
For the term expiring December 31, 1916. 


George W. Quintard, Quintard Iron Works, Foot 12th Street, New York. 
Walter M. McFarland, Babcock & Wilcox Co., 85 Liberty Street, New York. 


The Society by its ballots elected as— 
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MEMBERS OF COUNCIL. 


For the term expiring December 31, 1913. 


W. L. Babcock, Naval Architect, 17 State Street, New York. 

W. F. Durand, Professor, Mechanical Engineering, Stanford University, Cal. 

N. G. Herreshoff, Vice-President and General Manager, Herreshoff Mfg. Co., 
Bristol, R. I. 

H.I.Cone, Engineer-in-Chief, U. S. Navy, Navy Department, Washington, D.C. 

J. H. Linnard, Naval Constructor, U. S. N., retired, University Club, Phila- 
delphia. 

W. A. Post, General Manager, Newport News Shipbuilding and Dry Dock Co., 
Newport News, Va. 


ASSOCIATE MEMBERS OF COUNCIL. 


For Term Expiring December 31, 1913. 


W. H. Brownson, Rear Admiral, U. S. N., retired, 1751 N Street N. W., 
Washington, D. C. 
J. R. Andrews, President, Hyde Windlass Co., Bath, Me. 


The Council elected as— 
MEMBER OF COUNCIL. 


F. L. DuBosque, Assistant Engineer, Floating Equipment, Pennsylvania Rail- 
road Co., Jersey City, N. J., vice Horace See, deceased. 


THE PRESIDENT:—The Secretary will now read the list of candidates for 
membership. 


THE SECRETARY :—This list is submitted by the Council for election as mem- 
bers of the various classes of this Society. The Council has passed upon and 
recommends two life members, thirty-one members, four associate members, four 
junior members, and twenty-one transfers from associate members to full members. 
The names of the members are as follows: 


Transfer from Member to Life Member (2). 


Stevenson Taylor, President of Society. 
Mason S. Chace, Naval Architect, 31 Wales Street, Dorchester, Boston, Mass. 
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For Members (31). 


Joseph S. Blackett, Surveyor Lloyd’s Register, 17 Battery Place, 247 79th 
Street, Brooklyn, N. Y. 

Clarence A. Carr, Captain, U. S. N., Inspector of Machinery, U. S. Navy, 
Babcock & Wilcox Co. Bayonne, N. J., P. O. Address, 120 Hicks Street, Brooklyn, 
ING We 

Harry C. Crosby, Chief Hull Draughtsman, The Moran Bros. Co., Seattle, 
Wash. 

A. M. Dollar, Superintendent Engineer, Dollar Steamship Co., 160 California 
Street, San Francisco, Cal. 

William J. DuBois, General Manager, American Mail S. S$. Co., 100 Broadway, 
New York. 

Dr. Ing. F. Gebers, Chairman, Imperial Experimental Station, Berlin N. W. 
25, schlenseninsal, Germany. 

Arthur W. Berresford, General Manager, Cutler Hammer Manufacturing Co., 
Milwaukee, Wis. 

Hermann Hullmann, Chief Constructor, German Navy, Berlin W., Reichs- 
Marine-Stat. 

Francis J. S$. Nolan, 453 Winslow Street, Camden, N. J., Marine Engineer, 
New York Shipbuilding Co., Camden, N. J. 

Albert Norris, Lieutenant, U.S. Navy, Naval Academy, Annapolis, Md. 

Bernard A. Sinn, 74 Broadway, New York, N. Y. 

Gustav Schmitt, Shipand Engine Surveyor, 25 Whitehall Street, New York, N. Y. 

Dr. Rudolph Veith, Engineer-in-Chief, German Navy, Berlin W. 50, Spichern- 
strabe 23. 

Harry W. Warley, Superintending Engineer, Foreign Shipping, Standard Oil 
Co., 26 Broadway, New York, N. Y. 

George J. Robinson, Superintendent, J. N. Robins Co., Erie Basin Dry Docks, 
Brooklyn, N. Y. 

Anthony J. McGarvey, Superintendent, J. N. Robins Co., Erie Basin Dry 
Docks, Brooklyn, N. Y. 

Albert W. Murray, Surveyor, Lloyd’s Register of Shipping, 17 Battery Place, 
New York, N. Y. 

Edmund Mills, Marine Department, Babcock & Wilcox Co., 85 Liberty Street, 
New York, N. Y. 

William G. Lumsden, Mechanical Engineer, Electric Boat Co., Quincy, Mass. 

Charles H. Bartlett, Chief Engine Draughtsman, Electric Boat Co., Quincy, 
Mass. 

Gregory C. Davison, Vice-President, Electric Boat Co., 11 Pine Street, New 
York, N. Y. 

Charles H. Bedell, Electrical Engineer, Electric Boat Co., Quincy, Mass. 

Frank T. Cable, Superintendent, Electric Boat Co., Quincy, Mass. 
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Harry C. Farrar, Surveyor, Lloyd’s Register, 173 80th Street, Brooklyn, N. Y. 

Henderson B. Gregory, Inspecting Draughtsman, Bureau of Steam Engineering, 
Navy Dept., Washington, D. C. 

Thomas H. White, Shipand Engine Surveyor, 77 Broad Street, New York, N. Y. 

_ George Kotter, Superintending Engineer, Hamburg-American Line, 639 

Garden Street, Hoboken, N. J. 

Frank H. Evers, Surveyor, American Bureau of Shipping, 725 Castro Street, 
San Francisco, Cal. 

Henry Black, Consulting Engineer and Ship Surveyor, 15 Whitehall Street, 
New York, N. Y. 

William S. Rogers, Chief Draughtsman, The New England Navigation Co., 
Newport, R. I. 

Frank $. Martin, Engineer and Naval Architect, 52 Beaver Street, New York, 
INE 

For Associates (4). 


Charles EK. Montgomery, Assistant to Superintending Engineer, Panama Rail- 
road Steamship Line, 24 State Street. New York. 

Benjamin B. Pender, General Foreman, Balboa Shops and Shipways, Balboa, 
Panama. 

William E. Williams, The Williams & Wells Co., 250 Fulton Street, New York, 
No SW 

Benoist d’Azy, Lieutenant Commander, French Navy, Naval Attache, French 
Embassy, Washington, D. C. 


From Associaie to Members (21). 


Lew M. Atkins, Assistant Naval Constructor, U. S. N., Navy Yard, Boston. 
Mass. : 
Donald R. Battles, Assistant Naval Constructor, U. S. N., Fore River Ship- 
building Co , Quincy, Mass. 

Lee 8. Border, Assistant Naval Constructor, U.S. N., Navy Yard, Mare Island, 
Cal. 

Frederic G. Cobura, Assistant Naval Constructor, Navy Yard, Mare Islaad, Cal. 

Waldo P. Druley, Assistant Naval Constructor, U. S. N., Navy Yard, New 
York, N. Y. ; 

Edwin O. Fitch., Jr., Assistant Naval Constructor, U. S. N., Navy Department, 
Washington, D. C. 

Paul H. Fretz, Assistant Naval Constructor, U.S. N., Navy Yard, Boston, Mass. 

Julius A. Furer, Assistant Naval Constructor, U.S. N., Navy Yard, Charleston, 
Ss. C. 

Charles A. Harrington, Assistant Naval Constructor, U. S. N., Navy Yard, 
Portsmouth, N. H. 
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Sidney M. Henry, Assistant Naval Constructor, U. S. N., Navy Yard, New 
York, N. Y. 

Herbert S. Howard, Assistant Naval Constructor, U. S. N., Navy Yard, New 
York, N. Y. 

Parker H. Kemble, District Manager, Edison Electric Illuminating Co., 360 
Pearl Street, Brooklyn, N. Y. : 

Edwin G. Kintner, Assistant Naval Constructor, U. S. N., Navy Yard, 
Norfolk, Va. 

Harry G. Knox, Assistant Naval Constructor, U. S. N., Navy Yard, Boston, 
Mass. 

Emory S. Land, Assistant Naval Constructor, U.S. N., Navy Yard, New York, 
N.-Y. 

Roy W. Ryden, Assistant Naval Constructor, U. S. N., Navy Yard, Ports- 
mouth, N. H. 

Ross P. Schlabach, Assistant Naval Constructor, U.S. N., Navy Yard, Charles- 
ton, S. C. 

Clayton M. Simmers, Assistant Naval Constructor, U. S. N., Navy Yard, 
Puget Sound, Wash. 

Townsend J. Smith, T. 5. Marvel Shipbuilding Co., Newburg, N. Y. 

George C. Westervelt, Assistant Naval Constructor, U.S. N., Navy Yard, New 
York, N. Y. 

John W. Woodruff, Assistant Naval Constructor, U.S. N., U.S. Naval Station, 
New Orleans, La. 


For Juniors (4). 


Lawrence E. Chapman, Massachusetts Institute of Technology, Boston, Mass. 
Torbjérn Hermanrud, Draughtsman, Fore River Shipbuilding Co., Quincy, 
Mass. 
- John D. Schmidt, Student, Webb’s Academy, New York, N. Y. 
A. Harold Jansson, Draughtsman, Experimental Model Basin, Navy Yard, 
Washington, D. C. 


THE PRESIDENT :—You have heard the list of members, associates, juniors, and 
life members that has been presented to you. If a ballot is demanded, it will be 
taken, but the gentlemen named have been recommended by the Council unani- 
mously. What is your pleasure? Those in favor of adopting the report of the 
Council, and declaring these certain gentlemen to be members of the several grades, 
please say “‘Aye;’” contrary, ‘“‘No.”’ It is carried unanimously, and the gentlemen 
named are now declared members, associate members, juniors, and life members of 
the Society. 

The Secretary will now read the proposed amendments to the By-Laws 
recommended by the Council. 


”? 
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THE SECRETARY :—In accordance with Article VII of the Constitution and 
By-Laws of this Society, the following amendment was prepared by the Executive 
Committee, and has been signed by more than ten members, and is presented for 
approval or disapproval by the Society as a whole. 

Proposed Amendment to Paragraph 5, Section 3, Article II, which refers to 
junior members: 

Add the words: ‘“‘When they are twenty-six years of age, they shall be 
offered the option of being transferred to active or associate membership; if they 
duly qualify; but if they do not accept such offer or do not qualify they shall be 
dropped from the rolls of the Society.”’ 


THE PRESIDENT :—This amendment is now before you, and must be adopted 
by a two-thirds vote—by ballot, if a ballot is demanded. What is your pleasure? 


It was moved, seconded and carried unanimously that the proposed amend- 
ment be adopted without a ballot. 


THE PRESIDENT :—Theamendment is therefore adopted, and will be henceforth 
in force. 


PRESIDENT’S ADDRESS. 


I thank you again for the great honor you have conferred upon me. You 
have placed me in the position herefotore occupied during the existence of this 
Society by two men most distinguished in their careers—Clement A. Griscom, 
who stands foremost among those interested in American shipping, and Francis T. 
Bowles, Naval Constructor, Constructor-in-Chief with rank of Rear Admiral, and 
now the head of one of the large shipbuilding plants of the United States. 

These gentlemen gave a great deal of thought and time in their endeavors to 
organize and carry on this Society, and to their endeavors the success of the Society 
has been very largely due. 

We endeavored to have these distinguished Past Presidents at this meeting, 
but Mr. Griscom had previously made important engagements which prevent his 
presence, and, as you are all aware, Admiral Bowles has met, in the recent loss of 
his son, a great bereavement, in which he and his family have, I know, your heart- 
felt sympathy. 

The Past Presidents have a reputation which seems to me difficult to live up to, 
and I can only assure you of my intended conscientious attention to your interests, 
with the hope that they may not be entirely in vain, and I trust that at the com- 
pletion of my term of office I may at least deserve thecenturies old commendation: 
“Well done, good and faithful servant!”’ 

I congratulate the Society on its membership, which will at this meeting be 
increased by at least forty members. ‘This more than offsets the losses due to 
deaths and resignations, which amounted to twenty-six during the past year. 
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There are yet a number of young men in our shipyards and engine building 
establishments to whom our proceedings would be of great advantage, and it is 
desired that you shall bring them into our fold for their benefit as well as ours. 

The moderate dues hardly pay for the publishing of the proceedings, and the 
better and more numerous the proceedings the greater the cost. I suggest that for 
the future benefit of the Society such of you as may deem it feasible and wise shall 
become Life Members, thus creating a fund which, as the years go by, will add to 
our regular income. 

The Treasurer’s report as printed shows clearly our financial condition, and at 
its meeting yesterday the Council wisely reduced some of the nominal assets, as 
was reported to you. 

There have been no special advances in the art and science of ship and engine 
building, for at the present time we seem to be in a period of development. Progress 
is being made in the application of a combination of reciprocating and turbine 
engines for marine use, and of a combination of fast running turbines with gearing 
for slow going vessels. Further developments in these directions are awaited with 
great interest, as will be also the use of producer gas and gasoline engines of larger 
units than have heretofore been tried. 

Our Navy, in importance and quality, and in size of ships, if not in number, 
compares favorably with the navies of the world. 

Following in some respects the example of the later great merchant ships built 
abroad, battleships have increased in dimensions, displacement, speed and ordnance 
to a remarkable degree. In this connection, the first paper of to-day’s meeting, 
written by our distinguished Honorary Member, Sir William White, whose career 
as Naval Constructor in England is so well known, presents views on the growth 
of war vessels and on the eternal question—guns versus armor, armor versus guns. 
This paper will particularly interest not only those of you who are responsible for 
our Navy, but those who are directly responsible for the vessels of all other navies. 
I commend it to your careful consideration. 

There has been a great development in the past few years in that branch of 
mechanics which may be termed aeronautics. The improvements in both dirigibles 
and aeroplanes, particularly in the latter, have been marvelous. It is but five or six 
years sinceman made a flight of a few feet with a heavier-than-air machine. During 
the past year flights of distance and altitude have been made that were hardly 
dreamed possible but a short time ago. ‘To what uses these wonders of the air 
may come it is dangerous to predict, more particularly as to their limitations, 
for in the light of the achievements of the past quarter of a century. it is a bold man 
or foolish one, as you may look at it, who says that any particular accomplishment 
is impossible. 

Unfortunately for true scientific progress, the recent aeronautic exhibitions 
have been too much of the hippodrome order to command our highest respect. 

Though submarines have accomplished great feats, experiments are still being 
made to add to their efficiency. 
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Oil fuel applied for marine use has passed the experimental stage. Excellent 
results have been accomplished and many advantages proven. Where coal is 
scarce and oil is plenty, oil fuel is naturally used to great advantage; but the 
storage, the safety in use, and the procuring of oil of the same quality at all times, 
are yet sufficiently experimental to warrant the study still given to this subject 
where coal is cheaper than oil. 

So in all the varied branches of our professions we are still achieving, still 
pursuing. 

In the beginning of this year, this Society was honored by the Institution of 
Naval Architects of England by itsinvitation to join ina Jubilee Meeting in London, 
celebrating the Fiftieth Anniversary of the founding of that most distinguished 
Society. As you know too well, the death of their beloved King Edward VII 
compelled a postponement of their celebration, and with that great people, in com- 
mon with the rest of the world, this nation mourned. 

We are now advised that the Jubilee Meeting will be held in London com- 
mencing July 4 next, and I can assure you that those who may be so fortunate 
as to be able to accept their cordial invitation will receive a warm welcome. May 
many of you go. 

One subject near to our hearts is that of the American merchant marine. 
‘Hope deferred maketh the heart sick,’”’ and the hopes deferred in this matter have 
almost caused heart failure. 

Protection has been the leading theory and practise of great political parties 
and has led the country at large into great prosperity. Everything going into a 
ship has been amply protected, excepting the building thereof. The very pro- 
tection given various materials and labor in the manufacturing of them has so 
added to the cost of building ships that it is impossible to compete with the cheaper 
labor and materials of foreign countries, and yet the word “‘subsidy,”’ substituted 
for the word ‘‘ protection,” has for some curious reasons become almost disreputable, 
and the ery is raised—Shall we spend public money for the benefit of a few ship- 
builders? Had this thought obtained to any degree in relation to the many large 
industries cf the country, so well fostered by the tariff, there to-day would have 
been a dependence on foreign manufacturers truly deplorable, and a billion dollar 
Congress impossible. 

One great difficulty with the subject of legislation tending to increase the 
merchant marine is that the advocates, though they see clearly the great need and 
the public advantage of an adequate merchant marine, have such varied methods 
of accomplishing the desired result. 

For my own part, I have come to the conclusion that a subsidy for establishing 
lines to South America cr other specific countries, that extra payments for carry- 
ing mails and for tonnage and speed, in short, that the various methods of special 
rewards are entirely futile; and that there only remains for us to go back to the 
practise of our forefathers and establish discriminating duties. This is not the 
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time for arguments on this question, and opinions may change. I know that strong 
men differ, but we are like the children in Maeterlinck’s fairy play looking invarious 
directions for our particular ‘Blue Bird”’ and finding it not; and some day, not 
too far off I trust, the people of this great nation with its thousands of miles of 
seaboard, with its great protective Navy which, in the final analysis, must depend 
upon a Merchant Marine, with its many and large productions from the soil, and 
from its varied manufactures, will realize the supreme impertance of having ships 
and yards in which to build them, will realize that we are to-day deliberately passing 
to foreigners annually enormous sums which should be earned by our own citizens; 
and they will come to themselves, will unite on the right course, will demand from 
their representatives a change in the present condition, and they will get it. So 
be of good cheer. Let your hearts faint net. 

One of the best features of these Society meetings is the social side of them. 
Here we gather annually, some of you rivals in intense competition during the 
remainder of the year, but here friends, renewing acquaintances and reviewing 
accomplishments. I know of no better way of avoiding misunderstandings, heart- 
burns and ill-feelings than getting together in these meetings, and I am proud 
to say that, in this particular, this Society has been exceedingly fortunate. 

Let me urge you to continue this good course. Let the younger members not 
hesitate to make themselves known to the elders and the elders not forget their 
own struggles in youth. Be ready to extend helpful thoughts to each other, and 
remember, though you cannot see the growth of shipbuilding as you desire, you 
are members of a profession second to none in building material things. Your 
‘numbers may be comparatively small, but you combine in yourselves the knowl- 
edge and the skill of all of the other special mechanical and engineering societies, 
and your problems are more difficult to solve. (Applause.) 


THE PRESIDENT:—The next in order is the reading of a report of the Special 
Committee appointed by the Council last year, of which Admiral Capps is Chairman, 
and I will ask the Secretary to read the Report. 


REPORT OF SPECIAL COMMITTEE. 


NOVEMBER 16, IQIO. 


S1R:—On November 19, 1909, during the last Annual Meeting of the Society 
of Naval Architects and Marine Engineers, the following resolution was unanimously 
adopted as a partial recognition of the eminent services to the Society of its retiring 
President, Rear-Admiral Francis Tiffany Bowles. 


“Resolved, That the Society desires to place on record its regrets that the 
President was compelled to be absent from this meeting, and it further desires to 
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express it great appreciation of the work he has done for its advancement since its 
first meeting sixteen years ago; also that it is the sense of this meeting that a 
Committee be appointed by the Chairman to prepare and present a more formal 
and complete recognition of his services, at the next meeting, which it is earnestly 
hoped he will attend.” ‘i 


In the exercise of the authority conferred upon you by the above noted reso- 
lution, a committee was appointed, composed of the undersigned members of the 
Council, for the purpose of formulating and presenting to the Society at its next 
annual meeting the ‘‘more formal and complete recognition of his services’’ con- 
templated in the resolution above noted. 

At a preliminary meeting of this Committee it was decided unanimously to 
submit the Committee’s draft of the formal resolution for the action of the Society 
at its forthcoming meeting on November 17, 1910, and to make immediate recom- 
mendation to the Council that there be presented to Admiral Bowles, by his col- 
leagues of the Council, as a mark of their official appreciation and personal esteem, 
a suitably inscribed loving cup. This suggestion of the Committee met with prompt 
and cordial response from the individual members of the Council, and it is proposed 
to make the presentation of the loving cup to Admiral Bowles on Friday, November 
18, on the occasion of the Annual Banquet of the Society. 

The services of Admiral Bowles to the Society of Naval Architects and Marine 
Engineers, in connection with its formation and development, are too definitely 
indicated in the proceedings of the Society and are also too well known toitsindivid- 
ual membership to require any extensive enumeration, even for purposes of histori- 
cal record. It seems most fitting, however, that formal mention be made of the 
facts that he was one of the principal organizers and incorporators of the Society, 
was the first Chairman of its Executive Committee, and served fora period of five 
years as its Secretary, and more than five years as its President. Such a record of 
accomplishment speaks for itself, and any added force which might be given through 
formal expression by this Committee is believed to be best conveyed by quoting 
some remarks made by the late lamented Commodore Loring, one of the founders 
and original Vice-Presidents of this Society. These remarks were made by Com- 
modore Loring on the closing day of the First Annual Meeting of the Society, in 
proposing a vote of thanks to Admiral Bowles, and were as follows :— 


“MR. PRESIDENT AND GENTLEMEN:—There has devolved upon me the very © 
agreeable task of proposing a vote of thanks to one whose happy idea is responsible 
for the pleasure and profit we have derived from the inaugural meeting of this 
Society. 


“While individual commendation is, in general, to be deprecated, historical 
accuracy is never amiss, and the first volume of the published transactions of this 
Society would not be complete did it not contain a formal recognition of the services 
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of one whose felicitous conception, aided by your generous and united efforts, has 
culminated in such gratifying results. 

“As Colonel Stevens so aptly pointed out at the banquet last evening, our 
Society now needs no sponsor, but we must not forget that this success, thorough 
and incontrovertible though it be, has been the result of studious thought and 
painstaking care. 

“Tn all the work of inception and execution, the master mind and guiding hand 
have been those of Naval Constructor Francis T. Bowles, and it is to his unerring 
skill and tact and untiring devotion that we are indebted for the formation of a 
Society which will always be a means of professional advancement, and which 
cannot but prove a potent factor in the reawakening of general interest in our ship- 
building development, and in the ultimate attainment of that maritime supremacy 
which once was ours, and must in the future inevitably return.” 


The unusual tribute to Admiral Bowles made by Commodore Loring in 1893, 
in proposing the Society’s vote of thanks to that gentleman, was seconded by 
Colonel Stevens and unanimously endorsed by the Society. In the years of develop- 
ment of the Society which followed, the subject of this tribute, through his earnest, 
loyal, and devoted service to its best interests, has not only justified the original 
tribute but placed the Society under renewed obligations which have found appre- 
ciation in his election to the highest office in the gift of his colleagues. Asa further 
mark of appreciation of the services of its late President, the Committee recom- 
menids to the Society, for its approval, the following resolution: 


“Resolved, That the Society of Naval Architects and Marine Engineers desires 
to avail itself of this first opportunity, since the completion of his term of office as 
President, to give formal expression of its appreciation of the services of Rear- 
Admiral Francis Tiffany Bowles, whose skill, tact, and untiring devotion, first as 
organizer, and later as Secretary and President, contributed in so conspicuous a 
degree to the development of the Society and its present assured position among 
scientific institutions; and that in furtherance of the foregoing expression of appre- 
ciation, the President is directed to have this resolution and the accompanying 
report of the Committee recorded in the minutes of the Society, and a copy thereof 
suitably engrossed and forwarded to Admiral Bowles. 

Very respectfully, 
W. L. Capps, Chairman, 
STEVENSON TayLor, Ex-Officio, 
E. A. STEVENS, 
Gro. E. WEED, 
ANDREW FLETCHER, 
W. J. BAXTER. 
THE PRESIDENT, 
Society of Naval Architects and Marine Engineers. 
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THE PRESIDENT:—You have heard the report, gentlemen. What is your 
pleasure? : 


It was moved and seconded that the report be accepted. 


THE PRESIDENT :—It has been moved and seconded that the report be accepted 
and that the resolutions be suitably engrossed and sent to the Past President. I 
ask you to give a rising vote on this question. Those in favor will please rise. 


All the members present arose. 


THE PRESIDENT:—As I knew it would be, the vote is unanimous, and Iam sure 
Past President Bowles will receive this resolution with a great deal of pleasure. -He 
has promised to be with us at our banquet to-morrow evening, and I trust you 
will all be there to meet him. 

The next in order is the reading of the papers. I call for the reading by Mr. 
D. H. Cox of the paper on “‘ Notes on the Armaments of Battleships,” by Sir William 
H. White, K. C. B., F. R. S., D. Sc., D. Eng., LL.D., Honorary Member. 


Mr. D. H. Cox read the paper. 


NOTES ON THE ARMAMENTS OF BATTLESHIPS. 
By Sir WILL1AM H. Waits, K.C. B., F. R. S., D.Se., D. Enc., LL. D., HONORARY MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
E New York, November 17 and 18, 1910.] 


The Council of this Society have honored me by making the request 
that I should contribute a paper to the Proceedings. After full considera- 
tion it has appeared that, in existing circumstances, it may be of interest 
to members to attempt a summary of the principles which should regulate 
the armaments of modern battleships. Wide and deep differences of 
opinion prevail in regard to this subject; as a consequence it may be antic- 
ipated that conclusions which the writer has reached will be challenged and 
declared to be unsound. Nothing but good can result from discussion 
and criticism when they are conducted on proper and temperate lines as 
they will be in this Society; and consequently the writer has not hesitated 
to express freely his dissent from doctrines which other persons have set 
forth in dealing with the subject, and will not object to equally free criticism 
being made of the following statement of principles to which he has been 
led by study and experience during the forty-three years that have elapsed 
since he first joined the Constructive Department of the British Admiralty. 

One fundamental idea has governed the armaments of warships in 
all ages: viz., the desire to provide means of offense which will enable a 
ship making an attack to put her enemy ‘‘out of action”’ in the shortest 
possible time and ensure the least possible damage to the attacking ship 
during the conflict. Until armor was first used for defensive purposes, 
about half a century ago, there was universal agreement with the doctrine 
that ‘‘an active and powerful offense constituted the best means of defense.”’ 
Since that date this doctrine has been somewhat obscured, no doubt, by 
the attention devoted to improved methods of manufacturing armor, 
to rival systems of distributing protective materials; by the never-ending 
struggle between the attack and the defense—guns and armor—and 
by the development of under-water attacks—locomotive torpedoes and 
torpedo vessels, submarine mines and submarines. It may be admitted 
also that, under modern conditions, an active offense is no longer the only 
means of defense; but, on the other side, it cannot be denied that an active 
offense is still and always must continue to be the best means of defense. 
It gives the greatest assurance of victory—in other words the greatest 
probability of putting an enemy “‘out of action.” 
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This old phrase continually occurs in descriptions of naval battles of 
the past, and it is no less applicable under modern conditions than it was in 
the days of sailing ships and smooth-bore guns, or even in that more remote 
period when naval warfare was carried on by galleys propelled by oars and 
manned by soldiers. Victory never has depended and never will depend 
entirely upon the destruction or capture of an enemy’s ships, but upon 
their being brought into a condition of incapacity to continue the struggle— . 
that is to say, being put out of action. That result may be attained in 
many ways, but it must be reached in some way before victory is secured. 
All naval history confirms this statement; it is, in short, a truism. Look- 
ing back upon the great wars of the eighteenth and beginning of the nine- 
teenth century it is seen that ships were put out of action by the destruction 
of or serious damage to their means of propulsion, by injury done to their 
mobility and maneuvering power; by being set on fire; by slaughter of their 
crews; by loss of morale; by panic arising from accident or damage which 
prevented continued utilization of existing means of offense; by overpower- 
ing or seriously injuring the armaments, and in other ways that need not 
be particularized. 

This statement of the case applies primarily to circumstances aflecting 
individual ships, and it designedly omits reference to the supreme influence 
which naval tactics may exercise upon the result of a fleet action, or to the 
skill of a commander in concentrating upon a portion of the enemy’s fleet 
an overwhelming attack. When the tactician has done his best, it still 
remains true that the chief aim in a naval engagement must be to put an 
enemy’s ships ‘‘out of action’’ as quickly as possible, and that sinking or 
destruction of ships is not necessary to secure that result, although it may 
be an accompaniment of victory. 

From the point of view of this paper, the question to be considered 
may be stated, therefore, as follows:—What description of armament is 
likely to prove most effective for speedily putting out of action modern 
battleships, having regard to existing materials of construction, structural 
arrangements, armor defense, means of propulsion and maneuvering; 
as well as to the characteristic qualities of guns, projectiles, explosives, 
torpedoes and mines now available for use? In considering this question 
it will be assumed that, in addressing this Society, there is no need to recapit- 
ulate the remarkable advances which have been made in all these features 
of war-ship construction during the last half century. The facts are on 
record, and the existing situation is well known to members. 

Certain features of the problem may also be assumed to lie outside 
the field of discussion. It is generally agreed that future naval actions 
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will probably be fought at longer ranges than have been adopted in the 
past. The main reasons for this increase in fighting range are to be found, 
on one side, in the development of locomotive torpedoes and the increase 
of their speed, accuracy, and effective range; while on the other side stand 
no less important improvements in naval gunnery—including guns, pro- 
pellants, projectiles, explosives, range-finders, sights and means of control. 
Nor can there be any dispute as to the fact that increase in gun-caliber in 
association with a constant muzzle velocity secures greater flatness of 
trajectory, and greater accuracy of fire, as well as superior maintenance of 
energy at long ranges. But when general statements of this nature are 
closely examined, differences of opinion on practical matters are found to 
exist among men equally entitled to a respectful hearing, and these 
differences sensibly influence their choice of armaments. 


LONG FIGHTING RANGE AND SECONDARY ARMAMENTS. 


In regard to the probable fighting range for future naval actions there 
are marked differences of opinion. While all agree that it is likely to be 
greater than heretofore, two distinct schools of thought exist as to the 
minimum range likely to occur in practise. One of these asserts that an 
extremely long range will be chosen and maintained by commain«2rs whose 
fleets possess greater speed and whose ships-are armed on the “‘single- 
caliber, big-gun’”’ principle; and it is argued that at this great range vessels 
so armed will be able speedily to put out of action an enemy’s ships which 
individually carry fewer big guns, although these may also possess powerful 
and well-protected secondary armaments. ‘These secondary armaments, 
‘it is urged, would be of no practical service at very long range; because 
of an alleged inferior accuracy (due to more curved trajectories traversed 
by their relatively small and light projectiles), their proportionately greater 
loss of energy as ranges increase, and their presumed ineffectiveness because 
of their lack of power to penetrate armor of moderate thickness, their 
alleged less proportion of hits to rounds fired, and the small bursting charges 
carried by their shells. 

The other school maintains that, although actions may be begun at 
very long ranges on occasions when atmospheric conditions are favorable, 
average conditions of weather at sea will not favor that kind of attack 
nor make its results decisive. They give reasons for the belief that when 
an issue is joined, with the full intention to reach a decisive finish, it is 
practically certain that closer ranges will be reached; and they insist that 
the choice of armaments ought not to be governed by a set of assumptions 
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which relate exclusively to extreme ranges and are subject to the continued 
efficiency of comparatively delicate sights and range-finders as well as 
apparatus for controlling gun-fire. In their judgment it is desirable to 
associate with big guns a powerful secondary armament of quick-firing 
guns, adequately protected and so placed as to be efficient both in horizontal 
command and in height above water, while free from interference arising 
from independent firing of heavy guns. 

In support of this advocacy of good secondary armaments it is stated 
that modern types of battleships, including those on which armor defense 
has been most developed, still contain many vulnerable points, injury to 
which will seriously interfere with the fighting, maneuvering and steaming 
capability, the transmission of orders from conning-towers and control 
stations, signalling and other operations which considerably influence 
fighting efficiency. It is noted that more than one-half of the length of 
heavy guns is permanently exposed and unprotected. Cases have occurred 
in action where these unprotected portions have been injured, the heavy guns 
having been put out of action by the fire of light guns which were impotent 
at the fighting range against armor of moderate thickness. It is also main- 
tained that the small height above water to which the hull armor rises, 
and the large unarmored areas of the sides above water, must involve serious 
risks to a considerable number of recent battleships should they be subjected 
to attack by a large number of 6-inch quick-firing guns using high-explosive 
bursters and common shell. The ‘‘volume of fire’’ obtainable from such 
quick-firing guns would, it is considered, inflict great damage to the thin 
steel-plating above the armor, and so permit considerable quantities of 
water to find access to the interior of the ship above the protective deck, 
although the hull armor was left intact. Such an entry of water might 
seriously prejudice stability or produce objectionable “‘list’’ and change 
of trim, even if it did not pass below the protective deck; but there would 
also be the danger of large quantities of water finding a way into hold 
spaces and there accumulating. 

These anticipations of trouble, of consequent reduction of stability, 
loss of maneuvering power, diminished speed and lessened mobility, are 
treated by the other side as unlikely of fulfilment. In support of this view 
it is urged that, although at short or moderate ranges the 6-inch gun makes 
good practise and scores a high percentage of hits to rounds fired in com- 
parison with the percentage attained by larger guns, yet at long ranges 
the percentage of hits to rounds becomes comparatively small. Con- 
sequently it is considered that injuries of the kind assumed to be produced 
by the fire of secondary armaments are not likely to be either serious or 
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extensive. There is obviously room for difference of opinion in regard to 
such matters and the proper method is to trust to experience when attempt- 
ing to reach a decision. When tested on a proof ground, with guns and 
targets fixed and ranges known, the percentage of hits to rounds fired will 
undoubtedly become greater at long range as the caliber of guns is increased. 
These conditions, of course, do not represent those which would occur in 
a sea fight, between fleets or between single ships, moving rapidly in rela- 
tion to one another, and commonly in circumstances which will be accom- 
panied by rolling or pitching of the gun platforms. It is not possible in 
peace time to imitate all the conditions of war; in particular the disturbing 
influences which necessarily arise when a warship is fired at by an enemy 
while making an attack cannot be represented. But there is in existence 
a considerable body of information based upon “battle-practise’’ at long 
ranges. ‘These facts have not been published in detail nor are they likely 
to be. The writer has, however, been assured by naval officers of great 
experience possessing full and accurate information of this kind, who have 
carefully analysed results of firing at very long ranges, that the percentage 
of hits to rounds fired obtained with 6-inch guns under service conditions 
at sea compares favorably with and is not inferior to the percentages obtained 
with guns of larger caliber. Furthermore he has good reason for the belief 
that actual trials do not confirm the objection raised to “‘mixed”’ arma- 
ments on the ground that the simultaneous discharge of guns of different 
calibers must be accompanied by diminished efficiency in the control of fire 
and in the proportion of hits to rounds made by guns of different calibers. 
If these conclusions be true—and the writer is convinced that they are 
so—then it is unquestionable that even at long ranges the secondary arma- 
ments of battleships will be capable of delivering a “‘hail of fire” against 
an enemy, and of exercising an important influence on the result of an action. 

Published accounts of naval engagements during the Russo-Japanese 
war also emphasize the importance attaching to attacks made by efficient 
and well-handled secondary armaments carried by Japanese ships. It 
is probable that the deep-laden condition of Russian ships at Tsushima 
tended to increase sensibly the prejudicial effects of fire from the lighter 
guns of the Japanese fleet; but after making full allowance for this feature 
it appears proven that considerable danger must always attend the exten- 
sive damage to unarmored superstructures which quick-firing guns of 
moderate caliber can inflict even at long range. What the ‘“‘volume of 
fire’ from such guns involves in damage done to signalling apparatus, 
control appliances and the general working of a ship in action, Captain 
Semenoff has graphically described. What it may do in making ships 
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unmanageable or in temporarily destroying the command of maneuvering 
capability was demonstrated at Tsushima and in the battle of roth August, 
1904, off Port Arthur. Under the terrible hail of projectiles and of frag- 
ments of shells containing high explosives it has happened and will happen 
again that a “‘joint in the harness” is discovered and the ancient story 
of the ‘‘bow drawn at a venture’’ is repeated. The Japanese authorities, 
who may be supposed to have all the facts of the war in their possession, 
and who are certainly capable of analysing them and drawing therefrom 
lessons for guidance in future practise, have never departed from the use 
of powerful secondary armaments. Personal conferences with leading 
Japanese authorities on naval matters enable me to say that they attach 
the utmost importance to the association of such armaments with guns of 
large caliber. In fact the trend of naval opinion throughout the world during 
recent years has been against the perpetuation of the system which discarded 
all guns except those of large caliber and 3-inch guns for use against the 
attacks of torpedo vessels. Consequently there is a danger of appearing 
“to flog a dead horse’’ by further advocacy of secondary armaments on 
this occasion, and no more need be said thereupon. 

As to the most suitable numbers and calibers of guns making up the 
secondary armaments of modern battleships little need be added. There 
are obvious objections to the employment of many calibers, each requiring 
special ammunition and making separate control desirable. In some ships 
guns of 6-inch, 4.7-inch, 3-inch and smaller calibers have been mounted. 
Such a multiplication of calibers appears both unnecessary and objec- 
tionable. Probably the explanation is to be found in an intention to use 
guns from 4.7-inch downwards as an active defense against the attacks 
of torpedo vessels, and to supply 6-inch guns as auxiliaries to the 12-inch 
guns in action. The writer has long advocated a simpler arrangement 
which, in his judgment, would fulfil all requirements, and ventures to quote 
remarks on this head made at the Institution of Naval Architects a few 
months ago:— 

“The ideal armament, to my mind, is that which embodies a certain 
and not an extravagant number of heavy guns associated with a considerable 
battery of 6-inch guns. It does not seem to me a difficult matter to supply 
these 6-inch guns with ammunition which shall be efficient when used against 
attacking torpedo vessels. If anything in addition to such a secondary 
armament of 6-inch guns is wanted I should say ‘man-killing’ guns capable 
of very rapid fire mght be used for sweeping the decks of torpedo vessels; 
they could be placed and fought in almost any position and would require 
only shield protection.”’ 
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Twenty-six years ago the writer, in conjunction with the late Lord 
Armstrong, worked out a design for a vessel in which ammunition of the 
special kind mentioned was provided for guns of 5-inch to 6-inch caliber 
for use against torpedo craft. It has been reported recently that experi- 
ments have been made with shrapnel fired from 12-inch guns as a possible 
means of repelling torpedo attacks. If this be true the principle advocated 
has been carried to an extreme which will not commend itself generally, 
but the experiments constitute a virtual confession that 3-inch guns are 
not sufficiently powerful to deal effectively with modern torpedo vessels. 
That view of the matter has been confirmed by the adoption of 4-inch and 
4.7-inch guns instead of 3-inch in ships of recent design; while 6-inch guns 
are now recommended for defense against torpedo vessels in quarters where 
3-inch guns were advocated four or five years ago as the only auxiliary 
armament required. ‘The compass has been “‘boxed”’ in a very short time, 
and without any war experience to justify the change of opinion. 

The main reason for preferring a caliber of about 6 inches is that expe- 
rience proves projectiles of about roo pounds weight to be the maximum 
which can be ‘“‘man-handled”’ continuously and rapidly; while accuracy 
of fire even at long range can be combined with rapidity of discharge and 
remarkable effectiveness against the lightly armored, unarmored and 
vulnerable points of warships. Personally, I have always maintained the 
view that these quick-firing guns, their crews and the supplies of ammuni- 
tion, should have a reasonable amount of armor protection against the fire 
of similar guns carried by an enemy. In designs for which I was responsible 
more than twenty years ago, in which the earliest 6-inch quick-firing guns 
were mounted, such protection was provided. Nothing that has since 
occurred has shaken that conviction, and my opinion remains fixed that 
the secondary armament should be not merely available for use in repelling 
torpedo attacks but should be used in battle and be regarded as a valuable 
auxiliary to the heavy guns. ‘The disposition of the 6-inch guns should 
be of a character that will effectively fulfil both these functions. It is not 
difficult to secure that result in designing warships, and to place the 6-inch 
guns so that they shall not be hampered or interfered with by the fire of 
the heavy guns, provided that the number of the heavy guns carried in a 
ship is not made excessive. 


THE NUMBER OF HEAVY GUNS TO BE MOUNTED. 


Turning to the consideration of what constitutes a reasonable number 
of heavy guns for the principal armament of a modern battleship, it will 
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suffice on this occasion to re-state the writer’s conclusions and to briefly 
summarize the reasons therefor. These conclusions are admittedly open 
to debate and other views may be maintained on the basis of solid argument. 
The case is necessarily one for compromise, and therefore for difference 
of opinion as to the best course to be pursued. 

There are two positions for heavy guns which by common consent 
confer supreme advantages, and are always utilized. These positions are 
at the center line of the deck: one commanding right-ahead fire, with large 
ares of horizontal training reaching well abaft the beam on each side; the 
other possessing corresponding command right astern and over large arcs 
of training reaching well before the beam. Until the Michigan and South 
Carolina were designed it was the general practise to mount one or two heavy 
guns—two in nearly all cases—in each of these positions. Superposed turrets 
onone turntablewere tried in some cases, and 8-inch guns were mounted in the 
upper emplacement; but this practise did not find much favor and may be 
considered to have dropped out of use. It was a newand bold departure in 
the Michigan and South Carolina to place two turrets in each of the supreme 
positions, and to arrange for firing the guns in one turret over the top of 
the other turret. That arrangement proved successful, however, and has 
been largely adopted in recent ships of all navies. When associated with 
the mounting of guns in pairs this system permits the effective use of eight 
heavy guns; if three guns are mounted in each turret then twelve heavy 
guns can be given equal arcs of command, and all the guns can be used 
on each broadside. 

The writer has always favored and still favors the system of mounting 
heavy guns in pairs. French designers long preferred separate mountings 
for single heavy guns, and placed two gun stations amidships—one on 
each side. The French system was tried in the British armored cruisers 
Imperieuse and Warspite, and as the result of trials it was not repeated; 
the French themselves subsequently abandoned the arrangement. Twin- 
mountings were universally employed for a long period, and, in the writer’s 
judgment, that plan embodies a reasonable compromise. Considerable 
economy is thus effected in the weight of the mountings and armor protec- 
tion for a pair of heavy guns as compared with what is needed with separate 
mountings for each gun; and although the risk of simultaneous disable- 
ment of two guns is necessarily incurred when they are carried on a single 
turntable and within the same armored station, that does not seem to be 
an undue risk. When three guns are mounted on one turntable and exposed 
to similar risks of simultaneous disablement then, in the writer’s judg- 
ment, too many ‘hostages are given to fortune,’ and economy in weight 
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of protective material and mountings has been carried too far. Actual 
trial will determine whether or not it is possible to maintain the same rapidity 
in loading and firing individual guns in a triple turret as can be obtained 
when two guns are mounted in one turret, and Italian naval authorities 
before deciding in favor of triple turrets probably satisfied themselves on 
this point. Italy has made many successful new departures in warship 
design, and will work out this problem thoroughly. ‘The results will have 
great interest for all engaged in warship construction; but even if they 
prove satisfactory under peace conditions and as to rate of fire, only war 
experience can determine the crucial point as to the risk of simultaneous 
disablement of three guns mounted on a single turntable. The approxi- 
mate allowance hitherto made for triple as compared with twin turrets 
is understood not to exceed an increase in diameter of about ten per cent.; 
in some cases it has been less. Obviously it would be reasonable in triple 
turrets to make provision for stronger armor protection and for larger 
margins of strength in machinery and structure in order to meet special 
risks, and to lessen the possibility of disablement in action. If this were 
done the relative weights involved in the triple as compared with the 
twin arrangement would be considerably increased. 

In passing one may remark that there is always a danger lest the desire 
to keep down weights of protective materials on heavy-gun stations should 
lead designers to accept relatively weakened structures and supports to 
armor and smaller clearances between fixed structures and revolving parts 
than would afford reasonable provision for safety and for continued efficiency 
in working when heavy blows are delivered, in action, upon the armor 
forming barbettes, shields or turrets. ‘This feature in design has always 
received close attention in my own practise; and the dimensions and weights 
of structures, armor and mechanisms have not been reduced, nor have any 
known or probable risks been accepted, in order to minimize weight. Having 
regard to the vital importance of the continued efficiency of heavy-gun 
armaments, and to the enormous weights and cost involved in installing 
and protecting such armaments even when dimensions are minimized, it 
seems preferable to err on the side of large margins of safety rather than to 
seek the irreducible minimum—the determination of which is not an easy 
matter, even for those most fully informed as to the results of peace experi- 
ments and past naval actions. 

For more than twenty years the heavy guns of most battleships con- 
tinued to be four in number, and in nearly all cases they were mounted in 
pairs on the center line of the deck at the two important positions above 
described. In connection with the introduction of the latest types of 
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battleships—usually described as ‘'Dreadnoughts’’—a necessity arose 
for finding other positions for heavy guns. Ten or twelve such guns have 
been usually thought desirable; thirteen guns are to be carried in ships 
now building. Consequently three or four additional gun stations have 
had-to be provided, and large hold spaces have been devoted to the stowage 
and supply of ammunition immediately below each turret. Different 
dispositions of heavy-gun stations have found favor, not merely in different 
navies, but in successive ships of the same navy. In these circumstances 
it becomes obvious that no fixed principles have been established or generally 
followed hitherto in disposing heavy-gun armaments. It is unnecessary 
to describe in detail various arrangements adopted in recent ships, because 
they are well known to members of this Society; but mention may be made 
of certain salient features which illustrate the diversity of views that have 
prevailed. 

In many cases history has been repeating itself; arguments which 
were familiar thirty or forty years ago have reappeared and have been 
treated as novelties. Widely differing estimates have been formed in 
regard to the relative importance attaching to “‘end-on” and broadside fire. 
In the earlier French disposition—in which two heavy guns were mounted 
forward and aft on the center line of the deck as bow and stern chasers, 
and two others in positions on each broadside (nearly amidships) which 
enabled them to be fired directly ahead or astern—‘‘end-on”’ fire was treated 
as of equal importance with broadside fire. Three guns were available 
on each broadside and three guns could be fired either ahead or astern. 
In ships of the ‘‘central-citadel” type (designed about 1873-78) four heavy 
guns were carried in two turrets which were placed en echelon nearly amid- 
ships, and it was possible to fire all four guns parallel to the keel, either 
ahead or astern. Each pair of guns had 180 degrees of training on the 
broadside whereon they were placed, but on the other broadside these guns 
had only a very limited arc of training. In these vessels, therefore, “end- 
on” fire was theoretically superior to broadside fire. Experience showed, 
however, that superstructures erected above the upper decks—primarily 
to limit the effect of ‘‘blast,’’ when the guns were fired parallel to the keel- 
line or at large arcs of training from the beam—imposed serious limitations 
and disadvantages against a moving target placed nearly ahead or astern. 
The echelon disposition was, therefore, abandoned and a return was made 
to the earlier plan which mounted four guns in two commanding positions 
forward and aft on the middle line of the deck. 

During the last five years we have seen both the old French disposi- 
tion and the echelon arrangement reproduced (in principle) in new designs, 
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only to be abandoned in later designs, in some cases before practical expe- 
rience had been gained with the arrangement which was abandoned. Now 
there is a marked disposition to place all the heavy-gun stations at the 
center line of the deck, so that all the guns may be available on both broad- 
sides. This is a return to a disposition adopted in the earliest British turret 
ships built nearly half a century ago. The Royal Sovereign (1862) and 
the Prince Albert which followed immediately after her each had four 
turrets so placed. It may be noted that the United States Navy took the 
lead in this last movement, and further has the credit of demonstrating 
the possibility of associating powerful bow and stern fire with the maximum 
of broadside fire over large arcs of training, by placing some turrets higher 
than others and firing over the lower turrets on certain bearings. 


““END-ON”’ AND BROADSIDE FIRE. 


Advocates of “‘end-on’’ fire assert that an attacking ship which is 
end-on to an enemy presents to her fire a target of which the projected 
area (on a vertical plane) has, for its largest dimension, the extreme breadth 
of the ship and for its height the height of her uppermost deck; so that 
the chance of hitting effectively is diminished greatly as compared with 
broadside attack. This statement overlooks important conditions, and 
is therefore misleading. A ship attacking end-on must present to the 
fire of an enemy a horizontal target of which the greatest dimensions are 
the full length of the vessel, and (transversely) her extreme breadth. Con- 
sequently errors in elevation of guns which the enemy may make are less 
likely to result in missing this long horizontal target than would be the 
case if corresponding errors were made when firing at a target of which 
the greatest dimension was the extreme breadth of a ship lying broadside on 
to the line of fire. No one can deny that the minimum of defense of vital 
parts of battleships—especially against ‘‘dropping”’ fire at long ranges— 
is to be found in the resistance offered by protective-deck plating, and not 
in the strength of vertical side armor. Nor can it be doubted that even 
in single-ship actions it would hardly be possible for a combatant to main- 
tain for long the assumed ‘‘end-on”’ position; while in fleet actions no 
commander could possibly effect a similar object with a large number of 
ships by any conceivable tactics, if engaged against a skilful and mobile 
enemy. If a choice has to be made, therefore, between highly developed 
broadside and end-on fire it seems reasonable to give precedence to the 
former. This has been done in the majority of recent battleships; but 
it is also reasonable—having regard to great and rapid variations unavoid- 
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ably occurring in the relative bearings of ships in action—to develop end-on 
fire to a reasonable extent. The compromise represented in the Michigan 
class now secures wider acceptance and is likely to become more generally 
adopted. 

No difference of opinion exists as to the necessity for giving the largest 
possible arcs of horizontal command to the fire of heavy guns, so that in action 
they may be kept bearing on an enemy for the longest attainable periods as 
his relative position rapidly changes. When this principle is applied in 
working out the disposition of guns for a new warship one soon encounters 
numerous as well as serious limitations and finds that the difficulties in 
securing large arcs of training increase with increase in the number of gun 
stations. In many cases the attempt to mount a large number of guns and 
to give to each gun considerable arcs of training has involved serious risks 
of injury being inflicted on neighboring guns and their crews, when fire is 
delivered at or near the extremes of assumed arcs of training. Attempts 
are made, of course, to minimize or to prevent such risk of injury; but 
so-called ‘‘safety appliances’’ are usually of a delicate and elaborate nature 
and not unfrequently are intended to be automatic in action. One may be 
permitted to doubt whether, in the heat of action, these appliances will 
always fulfil their intended purpose; and it appears desirable when arrang- 
ing armaments, to secure practical non-interference of gun with gun, even 
if that course involves a decrease in the number of heavy guns mounted in 
a ship of given dimensions, or an increase in the dimensions of ships intended 
to carry a given number of guns. 

In discussions of warship designs the relative merits are commonly 
assessed on the basis of what has been accomplished on particular dimensions 
and displacement. That method of comparison may be and often is carried 
to unreasonable lengths, no account being taken of the drawbacks and 
dangers involved in cramming many guns into ships. Freedom of action 
for each gun-crew, and a sense of security from interference arising from 
the fire of adjacent guns, are essential factors in the estimation of real fight- 
ing efficiency, even in days when the control of gun-fire from central stations 
is so much in vogue. Statistical statements may give to a ship so many 
guns and certain assumed arcs of command; but it is necessary to consider 
thoroughly what would happen if these guns were fired at their assumed 
extreme arcs of training before a true estimate can be formed of the efficiency 
ofanarmament. ‘The limits of really safe training are often found in practise 
to be considerably less than the extremes embodied in published descrip- 
tions, and the results of firing trials cause narrower limits of training to 
be accepted. No good purpose is served when large arcs of command 
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exist only ‘‘on paper,’’ and their utilization in action would involve serious 
risks to the structure, armament or personnel of the ships in which the 
guns are mounted. 


OBJECTIONS TO LARGE NUMBERS OF HEAVY GUNS. 


One is led to inquire, in present circumstances, whether it is possible 
to discover a reasonable basis for fixing the maximum number of heavy 
guns which should be carried by a battleship. It has been previously 
stated that the number of heavy guns actually carried in ships built since 
1905 varies from eight to thirteen per ship, ten or twelve being carried by 
most ships, and the stations varying from four to six. Although it is not 
possible to lay down hard and fast rules, or to reach any general agreement, 
certain considerations may be mentioned, which must be kept in view by 
all designers of warships. For instance, whenever heavy guns are mounted 
in positions near the middle of the length of a ship it is unavoidable that 
spaces shall be found for the installation of the magazines, shell rooms, 
ammunition supplies and gun-working machinery in a region mainly appro- 
priated to the propelling apparatus and stowage of fuel. This juxtaposition 
of features essential to the efficiency of the principal armament and of those 
upon which efficiency of propulsion depend, involves considerable difficulties 
upon which one need not dwell. Experience on a large scale proves the 
need for special precautions in order that magazines may be kept cool and 
deterioration of the ammunition prevented; in not a few instances these 
magazine spaces make difficult the communications between compartments 
of the hold occupied by the propelling apparatus, or interfere with the 
efficient control and working thereof; while the arrangements for transport- 
ing coal from the bunkers to the stokeholds are rendered inferior in efficiency 
to those which exist in ships wherein the spaces assigned to engines, boilers, 
bunkers, are not broken up by magazines and shell rooms. It is also 
admitted that in ships which have five or six heavy-gun stations, the deck 
arrangements, the stowage and handling of boats and other matters inci- 
dental to every-day work and general convenience are all less satisfactory 
and convenient than are the corresponding features in ships where no heavy 
gunsare mounted in thecentral portionsof the length. In the last-mentioned 
vessels less difficulty is experienced in dealing with magazine temperatures, 
or in arranging for powerful secondary armaments, which shall be thoroughly 
efficient and practically free from risk of interference being caused by the 
fire of the heavy guns. It may be argued that these inconveniences and 
objections are relatively unimportant, that they have been and can be 
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overcome sufficiently for practical purposes, and that they must be accepted 
in order to obtain the essential quality of a preponderating offensive power. 
Iven if this be granted, it still remains a matter for debate whether, on the 
whole, it is desirable to mount ten or twelve heavy guns in pairs and in five 
or six positions in any single ship. 

The main reason advanced in favor of mounting ten to twelve guns 
in a battleship is that, in this manner, an overwhelming concentration of 
offensive power is secured. It has been the fashion in some quarters to 
adopt the simple method of assessing offensive power by counting the 
number of 12-inch guns carried. A ship carrying, say, twelve 12-inch guns 
has been reckoned equal to three ships each armed with four 12-inch guns 
even when the latter have carried in addition powerful and well-protected 
secondary armaments. It hardly seems necessary to deal with such a 
method of comparison in this paper and before this Society, and it will be 
more profitable to state eertain governing conditions to which regard must 
be had in reaching a reasonable conclusion on the point now under con- 
sideration. 

No one questions the importance attaching to a highly concentrated 
attack on an enemy: but it is equally certain that, in present circumstances— 
as naval actions will frequently be fought at long range—the fire of twelve 
12-inch guns carried by three ships can be as effectively concentrated on any 
selected point inanenemy’s formation as it can be when the guns are mounted 
in one ship. Again, three ships armed on the Michigan plan could concen- 
trate the fire of twenty-four 12-inch guns as efficiently on a selected position 
in the enemy’s formation as could be done by two ships of the Arkansas 
class with an equal number of guns. Indeed under certain conditions the 
three ships might have an advantage and be capable of keeping all their 
guns bearing on an enemy in rapid motion longer than could be done with 
all the guns in the two ships; because the provision of six stations instead 
of four in the latter necessarily introduces greater limitations of the effec- 
tive ares of command of some of the guns than are imposed on eight guns 
mounted as in the Michigan. This latter consideration no doubt has had 
much to do with recent advocacy of larger calibers than 12-inch for battle- 
ships, because it is realized that the multiplication of positions and guns 
in a single ship is accompanied by increased interference and possibly with 
diminished efficiency of fire control. 

Multiplicationin the number of gun positions has been necessarily accom- 
panied by considerable increase in the length of battleships even when the 
protection and speeds have remained practically unchanged. As a contrast 
we may take the Arkansas with a length of 545 feet and twelve 12-inch 
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guns as compared with the Florida of 510 feet in length with ten 12-inch 
guns. It is true, of course, that increase of speed has even greater influ- 
ence on dimensions and especially on length; but it is certainly remarkable 
to note the construction of armored ships which are about 700 feet in length 
and yet carry only eight heavy guns in four positions (13.5-inch caliber), 
whereas only five years ago ships about 200 feet shorter carried ten heavy 
guns (12-inch) in five positions, and others about 250 feet shorter carried 
twelve heavy guns (11-inch) in six positions. Such additions to length 
may not be considered objectionable on the ground of diminished manettver- 
ing power, in view of the facts that in future long-range fighting will be 
the fashion, and that by various devices their handiness has been increased 
in proportion to their dimensions. On the other hand, it appears obvious 
that, when associated in fleets, vessels of this great length and high speed 
will require for safe handling an increase in the intervals between successive 
ships, so that the length of the line in proportion to the number of ships 
comprising it will have to be sensibly enlarged. Nor can it be disputed 
that this great increase in length renders greater the danger of damage 
from torpedo attack: the commander of a fleet composed of these long, 
swift ships may intend and attempt to keep outside torpedo range, yet in 
action that intention may not be realized. 

Under-water attacks by torpedoes, by submarines and by mines are 
undoubtedly among the greatest dangers to which modern warships 
are exposed, although the gun still remains the supreme weapon of offense. 
It is agreed that a single successful blow struck by a modern torpedo will 
probably produce damage which will put even the largest ship ‘“‘out of 
action’ although she may remain afloat. On this ground, therefore, it may 
be maintained that a limit ought to be put upon the concentration of 
many heavy guns in single ships, and upon the increase in dimensions and 
costs of individual ships; because a single successful blow may, by general 
consent, bring about such a serious proportionate loss to a fleet by injury 
to one vessel and her compulsory withdrawal from action. Moreover, 
many services are required from a fleet in the performance of which capacity 
for distributing the force is no less important than the power of concen- 
trating it for an attack. From this point of view unlimited increase in 
dimensions, cost and individual power of battleships is not desirable. As 
to the assertion that increased steadiness of ships, considered as gun plat- 
forms, necessarily proceeds pari passu with increased dimensions, it need 
only be said that experience has proved the doctrine to be fallacious. Battle- 
ships of the modern type carrying numerous heavy guns high above water, 
and protected by great weights of armor, must be endowed with considerable 
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initial stability in order to possess sufficient range of stability. As a con- 
sequence they have proportionately shorter periods of oscillation, as well 
as lessened steadiness under unfavorable conditions of sea. It is a matter 
of common knowledge also that some of the steadiest warships ever built 
have been vessels which were of small dimensions when judged by present 
standards. ‘This feature in behavior, of course, is distinct from the power 
of maintaining speed in a sea-way; that quality is undoubtedly favored 
by increase in length and weight. 

No claim is made that new statements of the case have been embodied 
in the foregoing summary of points in favor of or adverse to the adoption 
of battleship armaments comprising a large number of heavy guns in each 
vessel. All that has been attempted is to bring such points into view, 
fairly and briefly. Having done so the writer desires to place on record his 
personal opinion that in no case is it desirable to carry more than eight - 
heavy guns in a single ship, that these guns are best arranged in four 
positions as in the Michigan class, and that they should be supplemented 
by a powerful and well protected secondary armament. 


INCREASE IN CALIBER OF NAVAL GUNS. 


Allusion has been made to the movement now in progress for using 
guns of larger caliber in battleships and armored cruisers. In the United 
States the 14-inch gun has found favor; in Great Britain the 13.5-inch 
has been reintroduced; in Germany the 12-inch has been adopted instead 
of 11-inch, and an experimental 13.5-inch gun has been made and tested. 
The reasons given for this departure from long-established usage may be 
summarized as follows:— 

1. With larger calibers it becomes possible to reduce muzzle velocity 
and to diminish erosion in the interior of guns, and yet to secure ample 
penetrating power against armor and superior maintenance of energy at 
long ranges. 

2. A flatter trajectory and increased accuracy at long ranges can be 
obtained with guns of larger caliber. 

' 3. Increased capacity of bursting charges can also be secured for all 
descriptions of shells. 

4. If it be assumed that a certain total striking energy and a certain 
total shell-burster effect are to be obtained by one discharge of all the heavy 
guns mounted in a ship, then it is possible to diminish the number of guns 
carried if the calibers are increased, and toobtain more efficient control of fire. 

All these arguments in favor of larger guns are, in principle, identical 
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with those employed more than thirty years ago when increase in the weights 
and calibers of naval guns was made with great rapidity. The arguments 
then prevailed for a time; and history is, in this particular, now repeating 
itself. At that period in the British Navy we passed from 12-inch breech- 
loading guns weighing 45 tons and firing projectiles of 714 pounds, to 13.5-inch 
guns weighing 67 tons and firing 1,250 pound projectiles, ending with guns 
of 16.25 inches caliber weighing 110 tons and firing 1,800 pound projectiles. 
Within a few years experience then induced a return to 12-inch guns and 
for a long period no largercaliber was used, but great and continuous improve- 
ments were made in guns, projectiles and explosives. Behind the reversion 
to more moderate calibers stood the conviction, based on actual usage and 
experiment, that the 12-inch caliber was sufficiently large for all practical 
purposes, whether armor-perforation or shell-power was considered; and 
that, on the whole, for a given expenditure of weight on the principal gun 
armament of a battleship the 12-inch gun furnished the best combination 
of adequate numbers and individual power. It has been stated recently 
that the chief reasons for abandoning the larger calibers were to be found 
in the difficulty encountered in making such guns or in loading and 
working them. As one who was intimately concerned with the matter the 
writer denies that these were the real causes of return to the 12-inch caliber. 
The subject was fully discussed by the Admiralty in 1888, when the designs 
for battleships of the Royal Sovereign class were under consideration, 
and it was then decided to make the change as soon as possible; but no 
satisfactory design for 12-inch guns was then available and consequently 
the 13.5-inch caliber was used once more. _At the same time action was 
taken to obtain a new and satisfactory design of 12-inch gun, and as soon 
as it was available it was adopted in the Majestic class (1892). 

Twelve-inch guns of the latest design are much more powerful weapons 
than their predecessors of twenty years ago; their projectiles are capable 
of penetrating at very long ranges the thickest hull armor fitted on the 
sides of existing battleships. As regards armor perforation, it is generally 
admitted that no increase in caliber is required. Although their trajectories 
may not be so flat as those of larger guns, practise made at sea with 12-inch 
guns at very long ranges is undoubtedly excellent. For the same approxi- 
mate total weights of guns, ammunition, gun-mountings and mechanisms, 
and protecting armor it is possible to provide for five pairs of 12-inch guns 
as against four pairs of 13.5-inch guns. In other words, if equal rapidity of 
fire is assumed to be obtained by guns of the two calibers, for each ten 
rounds delivered by the 12-inch guns only eight rounds would be delivered 
from the 13.5-inch. It is improbable that in actual service equal rapidity 
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of fire would be long maintained by the larger guns; but in any case the 
unavoidable uncertainties attaching to naval gunnery make the larger 
number of rounds fired and of hits made by the 12-inch guns a most impor- 
tant feature in the comparison of their efficiency with that of larger guns. 
For attack on the armored portions of modern battleships (as already 
remarked), blows from the 12-inch guns are admittedly heavy enough so 
that they would have a distinct advantage in this respect. In regard to 
shell fire, trials made against the French battleship Jena and against several 
British ironclads demonstrate conclusively that shell fire from 12-inch 
guns can rapidly destroy unarmored portions of battleships and can inflict 
great damage on the armored portions and on protective decks, provided 
projectiles of suitable design are used. The larger bursters possible with 
13.5-inch shell—say about 4o per cent. greater in weight than the bursters 
of 12-inch shells—will undoubtedly inflict greater damage for each successful 
hit; but the number of such hits will be smaller unless the weight assigned 
to the principal armament and its protection is increased so as to have an 
equal number of the larger caliber guns; and that means the construction 
of larger and more costly ships. Fancy pictures have been drawn of whole- 
sale damage which can be done by the explosion on board a warship of 
one common shell from a 13.5-inch gun, and of its far-reaching and destruc- 
tive effects as compared with those of a single shell from the 12-inch gun. 
The writer has witnessed many experiments with high explosives, and knows 
that enormous local injuries may be inflicted by a single shell explosion. 
Yet he ventures to doubt the accuracy of much that has been written both 
as to the vastly greater relative power of 13.5-inch shells and as to the 
absolute necessity for adopting guns of that caliber in order to secure effective 
shell fire. Without assuming the réle of a prophet, he is of opinion that 
just as history is now repeating itself in regard to the adoption of larger 
calibers, so in the course of a few years it is likely to repeat itself by a return 
to more moderate calibers as experience is gained and extended firing trials 
are made with the larger guns now being introduced. All the reasons given 
above for preferring the 13.5-inch caliber to the 12-inch would apply also 
to an argument in favor of still larger guns; and it may happen that, before 
the tide turns, larger calibers than 14-inch will be again mounted just as 
was done thirty years ago. But the turn will doubtless come in due course 
and for the same reasons as before. 


TORPEDO ARMAMENTS OF BATTLESHIPS. 


In conclusion brief reference may be made to the questions of equip- 
ping modern battleships with an armament of locomotive torpedoes. There 
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was a time when the multiplication of above-water torpedo-discharging 
stations found great favor and when advocates of that system thought its 
advantages great enough to compensate for cutting through thick armor 
in order to provide apertures for the passage of torpedo tubes or for accepting 
considerable and unavoidable risks incidental to the exposure to an enemy’s 
fire of many torpedoes with large explosive charges without any armor 
protection. For a long time past and by common consent the only form 
of torpedo-discharge stations which has been considered appropriate for use 
in battleships and large armored cruisers has been from submerged positions; 
and even these well-protected positions have not always been occupied, 
because naval opinion has been, in some cases, against the use of locomotive 
torpedoes in vessels of these classes. Present practise is really based upon 
the consideration that although the torpedo armament of a battleship 
can only be of use occasionally and probably at long intervals, the fact 
that its installation makes relatively small demands upon space, weight and 
cost justifies the introduction of a limited number of submerged torpedo- 
discharge stations; so that when, if ever, occasions for making use of that 
form of attack should occur the means shall be available for making it 
effectively. 

Among those who accept the prevalent view that it is desirable on 
the whole to install under-water torpedo-ejecting stations in modern battle- 
ships opinions are divided as to the best and most important positions 
from which torpedoes can be ejected. Some advocate only broadside 
ejection, others add bow tubes and stern tubes. Some favor fixed tubes, 
others consider training tubes to be preferable. On this occasion no 
detailed discussion of these points is possible, but in the opinion of the 
writer it seems preferable on the whole to adopt fixed broadside tubes only 
and to place them in suitable positions. Special dangers are obviously 
incurred in connection with under-water bow tubes and there seems good 
ground for questioning the desirability of fitting stern tubes, because their 
use involves the necessity for carrying large explosive charges in the immedi- 
ate neighborhood of steering apparatus and propellers. Moreover, it is 
difficult to conceive circumstances under which battleships would be likely 
to require or be advantaged by possession of stern tubes when acting in 
company with other ships in a fleet. 

On the other hand, it is true that the sizes, speeds, accuracy and effective 
range of locomotive torpedoes have been considerably increased in recent 
years and the effective range of torpedo attacks, which was formerly 800 
to 1,000 yards, has been increased to 2,000 or 3,000 yards. Enthusiasts in 
torpedo warfare, indeed, look forward to effective ranges from 6,000 to 
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8,000 yards soon becoming possible, although that is probably an extreme 
view not likely to be realized. This development of torpedoes has been 
held in some quarters to imperil the supremacy of guns in naval warfare. 
Designs have been prepared for armored torpedo vessels which should possess 
high speed to carrya great number of torpedo ejecting tubes and be practically 
gunless. Other personshave advocatedand designed in outline types of vessels 
in which a large number of torpedo stations were associated with special 
types of guns intended to act chiefly as howitzers and to fire shell containing 
large bursters of high explosives. These speculative designs need not be 
seriously considered. The gun still remains and will remain the supreme 
weapon of offense. Its greater accuracy, especially at long ranges, its 
much greater rapidity of fire and the possibility of efficiently mounting in 
a single ship a considerable number of guns all tell in its favor as they have 
done throughout the period since artillery was first introduced into warships. 
Nore:—This last paragraph was contained in the original manuscript, but was omitted inadvertently 
from the preliminary copies issued for discussion, time not permitting proof reading before distribution. 


THE SECRETARY. 


DISCUSSION. 


THE PRESIDENT:—You must have noted with pleasure the inferential com- 
pliment paid to our own naval constructors by Sir William, that it was a new and 
bold departure in the Michigan and South Carolina to place two turrets in each of 
the supreme positions, and to arrange for firing the guns in one turret over the top 
of the other turret. This paper is now before you for discussion, and I wish to say 
that the discussion is not to be limited to the actual membership. Any gentleman 
on the floor will be very gladly heard in these discussions. I first ask the Secretary 
to read the written discussion. 


THE SECRETARY :—The Secretary would state that owing to certain unfortu- 
nate circumstances existing in New York recently, the papers have lad to be 
handled by mail, causing delay in distribution. He will now read a memorandum 
from Admiral Mahan on this paper. 


ReaR ApMrirRAL A. T. Manan, U.S. A. (Communicated) —My comment upon 
the paper, which I have read carefully, must be confined to a brief expression of 
my general agreement with the conclusions of Sir William White (page 16) and 
the following summary of the leading principles I conceive to be involved in the 
controversy between the all-big-gun ship, which, barring torpedo defense, is to 
carry no armament except a few of the very heaviest caliber used by its nation, 
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and the mixed battery vessel, which, to fewer of the heaviest guns, adds a pro- 
portioned number of comparatively light pieces variously called secondary or 
intermediate. This is the type which commands the adhesion of Sir William White. 

The argument for the all-big-gun ship, briefly, is that it and the squadron 
to which it belongs will always be able to keep at its own desired range; and that, 

eing so able, it can and will always choose such a distance that the smaller guns 
of its opponents will be practically “out of action,” an aim which Sir William 
White accurately quotes as that of all-ship fighting. Under this condition, the 
circumstances of the two fleets are reduced to the most heavy guns of the all-big- 
gun fleet opposed to the fewer of the mixed-battery fleet. 

The reply to this is, that the fleet speed of any body of vessels is the speed 
of the slowest among them; and the maintenance of the all-big-gun distance pre- 
supposes a perpetual avoidance of close action by the fleet depending upon it, 
that is, constant withdrawal; that any mishap lessening the speed of a single 
member of the fleet entails the abandonment of that member or the acceptance 
of close action, within the range of the mixed battery. The pursuing fleet follows 
with its best speed, because its slower members are in no danger, and will come up 
as a reserve. 

Much stronger assertion is made as to the inferior accuracy of the smaller 
caliber, under conditions of modern action. Sir William White tells us (page 5) 
that naval officers having full and accurate information on this subject have 
assured him that the percentage of hits obtained with 6-inch guns under service 
conditions is not inferior to percentages obtained with guns of larger caliber. 
Accepting this, and also that, as was the case with battleships but a few years 
ago, three 6-inch are carried for one 12-inch gun, the number of 6-inch hits ‘“‘ under 
service conditions’’ would be to 12-inch as three to one. ‘This is “‘ volume of fire.’’ 
Considering the large amount of surface penetrable, and of crew accessible to 
6-inch projectiles, it is a very material consideration. It is to be remembered 
that the 6-inch projectile weighs 100 pounds, and that the repeated near burstings 
of such in rapid succession, even where they do not penetrate, is a tremendous 
nervous strain upon men subjected to them. This the Russians experienced at 
Tsushima. 

The very striking success of the system of fire control developed within the 
past few years has led those to whom the credit of this belongs to insist much 
upon the difficulty of observation of the fall of projectiles, where two calibers are 
used. The splash of the 12-inch and of the 6-inch are often indistinguishable. 
I think this argument presupposes a deliberateness of fire control which will not 
obtain after the action becomes ‘‘hot.’’ ‘Till then, like two fencers measuring 
each other’s strength, there may be ‘“‘passes’’ with the 12-inch on each side to 
ascertain distance, and this will and should continue as long as possible. How 
long, is the question. 

The all-big-gun conception leads necessarily to the wish for as many such guns 
as possible; or, what in aggregate impact is much the same, to each gun being 
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made of as large caliber as possible. We have now risen from four big guns to 
twelve or thirteen, and from 12-inch to 14-inch. The notorious difficulty of plac- 
ing several pairs, shown by Sir William White, necessarily of itself impels to 
fewer pairs of heavier guns. This means of course proportionately fewer dis- 
charges and fewer hits. All is staked on the disastrous effect of the large pro- 
jectile, hitting less often; just as against a mixed battery all is staked on the 
secondary (or intermediate) battery—the 6-inch guns—being kept out of action 
by superior speed. 

The assumptions of the advocates of all-big-gun ships are precarious though 
plausible. Chief among them is the assured ability to choose distance, at least 
for a time, long enough to cripple the assailant decisively. This is the corner- 
stone of the whole edifice. Upon this is built up the entire program—amore and 
more big-gun fire, therefore bigger guns with fewer emplacements; bigger and 
bigger ships and fewer of them. Sight is lost of the fact, which Sir William brings 
forward, that the guns in three ships can be brought to bear effectively on the 
same number in two ships. This is concentration of fire; while the three ships, 
as compared with the two, give dispersion of target, a defensive provision entailing 
little offensive loss. ‘This is exactly as in harbor defense; guns bearing from 
numerous positions on a critical point concentrate fire, yet gain comparative 
immunity through their separateness—dispersion of target. 

The efficacy of bigger ships and fewer of them depends in part upon the 
considerations of concentration of fire—upon a few ships, and upon dispersion of 
target—among several ships, or gun emplacements. A bigger ship has an evident 
advantage over a smaller in a ship duel. In a fleet action the bigger ship rein- 
forces proportionately the position in the fleet in which she is placed. But it 
does not follow that, in a combat of two ships against three, or eight against 
twelve, the same inequality continues. ‘The dispersion of the target among twelve 
ships, the localization of a severe injury in one smaller ship instead of one bigger, 
the larger power of combination in twelve units over that in eight, all tend not 
only to compensate but to overcome the concentrated power (not concentrated 
fire) of the larger vessel, which is conspicuous in a ship duel. 

The question ultimately is the difficult one of drawing a line. No one, for 
instance, wants one-gun ships, but a respectable school revolts at the twelve 
all-big guns; and the revolt is greater when more are proposed with increasing 
size of vessel and reduced numbers in the fleet. Collateral questions arise, e. g., 
dockage for such vessels and their use of navigable waters. Already Chesapeake 
Bay is found too shoal for the increased draughts of battleships. 

In conclusion Sir William White mentions that the Japanese have not aban- 
doned the secondary or intermediate battery. I believe that this is also true of 
the German Navy, if not indeed of all save the British. 


PROFESSOR WILLIAM HovGaarb, Member:—This paper puts the question of the 
armament of battleships before us in a remarkably clear way; it disentangles in an 
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analytical manner the different factors which influence the problem, and makes it 
relatively easy to evaluate them and to assign to each of them their proper weight. 

1. Disposition of Guns.—I fully agree with Sir William White, that when 
the end positions are utilized by placing two turrets at each end of the ship, mounted 
as in the Michigan, any further addition to the number of gun turrets is undesirable 
since it can only be made by sacrificing to some extent the arc of fire of such addi- 
tional guns, and by incurring interference. The Michigan arrangement seems 
indeed the ideal. 

On the other hand it appears to me that if it is possible to design, or rather to 
develop, an efficient triple turret, this installation should be adopted. We shall 
thereby be able to mount twelve guns in one ship, all of which shall have the maxi- 
mum are of fire. At the same time all the advantages inherent in the Michigan 
arrangement will be retained, viz., favorable conditions for storage of ammunition, 
freedom from gun interference and facility of mounting a powerful secondary battery. 
The relative risk by thus concentrating three guns in each turret will not be greater 
than incurred by the twin turrets in the Michigan, since in both cases 25 per cent. 
of the primary battery will be put out of action by the disablement of one turret, 
and the target presented by four triple turrets is smaller than that presented by six 
twin turrets. 

The tactical concentration obtained by mounting, for instance, twenty-four 
guns in two ships instead of in three ships seems to me an undoubted advantage. 

2. Anti-torpedo-boat Battery.—If, in addition to the 6-inch guns proposed by 
the author, a battery of lighter “‘man-killing” guns is to be carried, it appears to 
me best to place them on disappearing mountings, such as those designed by the 
Creusot firm in France, where these guns are lowered when not in use, so as to be 
sheltered by the side armor. “The number of such guns must then be reduced, but 
it seems better to possess a smaller number of protected guns than a greater number 
of guns which are almost certain to be demolished in ship or fleet actions. 

3. Caliber of Guns.—Even it if be granted that the technical difficulties which 
stand in the way of increasing the caliber may be solved satisfactorily, so that these 
heavier guns may be worked as quickly as the present 12-inch guns and so that they 
may have as long a life, it still remains to be proved, as pointed out by Sir William, 
that equally good or even better results cannot be obtained with 12-inch guns. 

The heavy guns are to my mind essentially armor piercers, and armor piercing 
can only be done by heavy guns. The larger guns now being introduced are, 
however, to be superior to the present 12-inch guns, chiefly in their greater 
shell effect, it being generally admitted that the armor-piercing effect of the 
12-inch guns is adequate. Now shell effect cannot generally be expected to 
affect the vitals of a ship directly; its action is based on a demolition of unar- 
mored or lightly armored parts, and is essentially external. This work is indeed 
very important, but may perhaps better be carried out by a greater number of 
12-inch guns which give a more widespread fire than by the concentrated effect 
of a smaller number of heavy guns. 
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The armor-piercing effect has much greater chances of reaching the vitals, of 
dealing deadly blows, and a greater number of 12-inch hits seems here preferable to 
a smaller number of, say, 14-inch hits, the individual effect of which is not much 
greater. 

It must be borne in mind, also, that with a given number and disposition of 
guns, an increase in caliber means an increase in displacement, and this leads up 
to the main point which I want to discuss, viz., whether such addition to the dis- 
placement and hence to the load carried is not much better employed in strength- 
ening the torpedo armament and the protection against submarine attack. 

4. An Increase in the Torpedo Armament of Battleships and in their Submarine 
Protection.—It will probably be objected by many, that it is of no use to fit a power- 
ful torpedo battery in battleships, since future battles will be fought on great ranges. 
The torpedo is in other words regarded merely as a defensive weapon which, so it 
is thought, forces the ships to keep on long ranges. This doctrine of long-range 
fighting, which has become so generally accepted during the peace period following 
the Japanese war, is not supported in a definite manner by the experiences of that 
war; it certainly breaks down in thick weather and under many circumstances due 
to navigational difficulties. But also from a purely tactical point of view, the 
doctrine seems open to serious criticism. History furnishes an abundance of 
examples where similar theories have been exploded, both on land and sea. 

Before the time of Frederick the Great it was considered the highest art of 
strategy and tactics to try to secure secondary advantages by the occupation of 
outlying fortresses or territories of the enemy, by securing strategical bases and 
by overwhelming and defeating minor detached forces, while decisive action against 
the main army of the enemy was avoided. Frederick the Great broke entirely 
with this custom; he went right for the enemy’s main army, fought it and destroyed 
it. He was severely criticised for this unscientific method by contemporary strat- 
egists, but he always beat his enemies. Precisely the same strategy and tactics 
were followed by Napoleon, no maneuvering about the enemy at great distance, 
but decisive blows at close quarters was his principle. 

Nelson had the same principle. Before his time fleets would keep going at 
great ranges, sailing along parallel lines, firing for whole days at each other without 
much result, but Nelson broke completely away from these tactics. Thus at 
Aboukir, at Copenhagen and at Trafalgar he engaged the enemy at close quarters. 

I do not mean to intimate that ships will fight at so close ranges in future 
battles as was the case at the time of Nelson, but it seems to me quite possible that 
commanders may by found who will prefer fighting at ranges of a few thousand 
yards, and who will use their superiority in speed, if any, in trying to close in with 
the enemy instead of running out to maximum range. 

This seems the more likely to occur if we equip the battleships as I propose, by 
giving them, on the one hand, a powerful torpedo battery, and on the other a 
stronger underwater protection. 

As I have shown elsewhere (Jane’s Fighting Ships, 1910) that it is quite 
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possible, on a displacement which is not now considered excessive, to endow a ship 
with a powerful armament of 12-inch guns, a battery of some twenty-four submerged 
torpedo tubes and a 4-inch underwater armor, placed externally on the bottom of 
the ship; the speed to be at least one knot more than the ordinary battleship speed. 
A battleship of same size of the type now in vogue, armed with a number of, say, 
14-inch guns, but with only four to five torpedo tubes and with a relatively weak 
bottom, will stand very little chance of surviving an action at close range with a 
ship of the above proposed type. 

I believe that the attention has been fixed too much on the artillery. In the 
struggle for the attainment of supremacy in this respect, it appears that the tor- 
pedo has been forgotten or put in the background. 

The development has become one-sided and the result has been inharmonious 
designs, for while the modern Dreadnoughts are extremely powerful in some respects 
they are very weak in others. 

Quite apart from the question of torpedo armament, it has become a necessity 
to give the battleships a much better protection against submarine attack than is 
at present the case. This is due to the fact that the torpedo itself as well as the 
vessels which carry torpedoes as primary armaments, and notably submarine boats, 
have recently developed to the point where the risks of destruction now encoun- 
tered by battleships due to submarine attack are at least as great as those due to 
attack by artillery. We should, however, never increase the weight given to the 
defensive in a battleship, without at the same time increasing the weight given to 
the offensive, and a more powerful torpedo armament is the natural correlation of 
an increase in underwater protection. (Applause.) 


NavaL Constructor Davin W. Taytor, U. S. N., Vice-President (Com- 
municated) :—The Society is to be congratulated that the distinguished author of 
this paper should have enriched its proceedings with a contribution on a subject of 
vital interest to so many of our members and based upon professional experience 
unsurpassed by any naval architect to-day. If there are those among us who 
materially disagree with him on some points, they should be prepared to bring 
forward substantial facts and figures to sustain their position. 

It seems to me, however, that the majority of the conclusions of the author will 
be accepted by those who have given much consideration to the subject matter. 

Certainly, as regards the disposition of heavy guns recommended, it cannot 
but be pleasing to the distinguished member of our Society who was responsible for 
the bold departure taken upon the Michigan and South Carolina to find the author 
not only endorsing it, but pointing out the fact that it has been largely copied in 
other navies. “Imitation is the sincerest form of flattery.’ I would like to point 
out, however, in this connection, that the “vertical echelon”’ disposition of turrets 
upon the Michigan and South Carolina was not adopted until careful and thorough 
experiment had shown its entire feasibility. The great question was whether it 
would be possible to fire the two guns of the upper turret immediately over the 
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lower turret. To determine this question, a 12-inch gun was mounted on the 
monitor Florida (now Tallahassee) so as to fire over the turret, and firing trials 
carried out, there being imprisoned in the turret, I believe, first cats and dogs, then 
midshipmen and so on} up to rear-admirals. After the question of safety was 
settled, there were, of course, a number of other questions of prime importance, 
such as the provision of adequate strength in the supports of the upper turret, the 
sighting arrangements for the lower turret, etc. ‘The results of target practise of 
the four vessels of the fleet now in service with the “vertical echelon” arrangement 
of turret have been, I may say, very good, indicating that the many problems of 
the constructor and ordnance engineer involved by the new departure were suc- 
cessfully solved. 

The distinguished author believes in the four-turret diposition of the Michigan, 
as against five and six turrets, as found on later ships. This opinion is shared by 
many of the most capable and experienced officers in the United States service; 
but it is not possible to install the number of heavy guns demanded by the majority 
of our officers in four-gun positions unless we use three-gun turrets. 

The author is not in favor of the triple-gun turret, although he does not take 
strong ground against it. He says, in effect, that only war experience could finally 
settle the question of its desirability. On this point I would like to mildly disagree 
with the author, and record my opinion that war experience may be most deceiving. 
If we could have a war lasting several years with a battle every month, the experi- 
ence gained would of course be conclusive as regards practically all professional 
questions. But when there is but a single battle, or two at most, the elements of 
chance may very well entirely obscure the result as regards technical matters. We 
naturally draw as many conclusions as possible from the practical experience of . 
war; but, I repeat, results of a single battle may well lead us to fallacious conclusions. 

At the battle of Lissa, in 1870, the victors used ramming tactics most success- 
fully, and, for years, every navy in the world attached great importance to the ram. 
When we undertook the reconstruction of the Navy, about 1881, a number of rams 
were recommended by the First Advisory Board, and finally we built one upon the 
ideas of a most distinguished officer, completing it more than twenty years after 
the battle of Lissa. 

By that time, however, the development of the gun and torpedo had practically 
wiped out the chances of successful ramming, and the experience of the battle of 
Lissa is not now regarded as warranting any importance being attached to the ram 
as a naval weapon. 

It is very doubtful if it really warranted the importance attached to the ram 
during the few years immediately subsequent to the battle. 

There is a good old English proverb, which, it seems to me, should always be 
borne in mind when we undertake to learn the ‘“‘lessons” from a naval battle, 
namely, ““One swallow does not make a summer.” 

In his advocacy of good secondary armaments, the author takes strong ground 
on one side of a much debated question, and produces strong arguments for his 
contention. 
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There is no question that to-day the disposition and protection of the secondary 
armament of a large battleship is about the most puzzling problem of the whole 
design, and happy the designer who has no secondary armament to contend with. 
In the Michigan and South Carolina we had practically no secondary armament, 
because on the limits of displacement it was not possible to provide it, but we soon 
reverted to it. 

Most nations have never given it up. England alone has practically left off 
a secondary armament from a number of ships. It is true that we call our secondary 
armament “‘anti-torpedo-boat guns” or some such name, but the fact remains 
that it is a powerful battery, the 5-inch guns we now fit being about as powerful as 
the 6-inch guns of a few years ago. 

If we may judge the future by the past, the secondary armament will refuse 
to stay abandoned in any navy. 

The English Dreadnought of nearly thirty years ago—the largest, fastest, 
most powerful vessel of her time, outclassing all others, had practically no secondary 
battery. About that time, the torpedo-boat menace grew, and the secondary 
battery began its rise. It was given a big impetus about 1884 by the destruction 
French quick-firing guns wrought in an affair with the Chinese, and the secondary 
battery grew and grew until, a few years ago, it grew up to the primary battery. 
Immediately, however, the development of a new secondary battery began. ‘There 
is little doubt that, whether logical or not, the secondary battery will persist in spite 
of the difficulties connected with it, and the author’s belief in 6-inch guns seems 
fully warranted by the almost universal practise of the present day. Indeed it 
seems very probable that even England will soon fall into line in this respect. 

The statement on page ro that “in many cases history has been repeating 
itself” appeals particularly to me. No one can study naval developments for even 
a few years back without finding many cases where naval opinion has swung around 
in a circle, and the author, with his experience of forty-three years, is doubtless able 
to recall a number of cases where the complete circle has been traversed more than 
once. While many naval officers are conservative, there is no question that naval 
opinion as a whole, if reflected, as presumably it is, in designs of naval vessels— 
has during the last fifty years been in a constant process of change and re-crystalli- 
zation in marked contrast to the conditions during the early part of the last century, 
and for at least two centuries before. 

It may be interesting to recall that this period of shifting opinion is practically 
coincident with the development of the naval architect and marine engineer as 
paramount factors in the design of naval vessels, and it might be maintained that 
the technical man is responsible for the incessant change in naval opinion, and not 
the traditionally conservative seagoing officer. (Applause.) 


CHIEF CONSTRUCTOR WASHINGTON L. Capps, Vice-President:—It is to be 
regretted, I think, that officers of the Ordnance Branch of the naval service are not 
here to participate in the discussion, as it deals with matters that particularly 
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affect that portion of the service. It is also to be regretted that those of us who 
perhaps could speak with some authority on the matters treated are, for obvious 
reasons, somewhat restricted in the expression of our views. Some years ago 
authoritative knowledge concerning naval development was much more freely 
disseminated. That period of ready access to official plans and documents has 
been followed by one of comparative secrecy. I say comparative, because no matter 
how seriously it may be attempted to keep such data secret, those interested in 
such matters usually find out much concerning them, and oftentimes we only 
succeed in concealing information from our own people, who would doubtless profit 
by the knowledge, while those we desire particularly to conceal it from have more 
or less complete information. 

Sir William has very modestly stated that “‘no claim is made that new state- 
ments of the case have been embodied in the foregoing summary of points in favor 
of or adverse to the adoption of battleship armaments comprising a large number of 
heavy guns in each vessel. All that has been attempted is to bring such points 
into view, fairly and briefly.” 

I think Sir William is to be congratulated on the very fair and impartial 
exposition of the case. He arrives at certain definite conclusions, and gives the 
reasons for those conclusions, and I think his paper is one that can be read with 
the greatest pleasure, and with very little, if any, adverse criticism. 

The subject of warship design is one that is necessarily subject to many varying 
opinions, and sometimes the opinion of the same individual is by no means the same 
to-day that it was last year. The most we can hope for is that those charged with 
the responsibility of warship design shall give to this most important matter their 
very best energies, and that those who have anything to do with the operation of 
the completed ship should give, to those who have the immediate responsibility for 
design, the benefit of their experience in every way possible. By such means the 
results attained will be the best possible. 

Sir William has made most appreciative allusion to the work done by the 
United States Navy in recent battleship development. Of course, whether or not 
he is justified in his tribute must be left to others. I think, however, that all of 
you, not only as members of this Society, but as citizens of this country, are espe- 
cially interested in knowing with what care we have adopted certain principles of 
warship armament, and it is gratifying to realize that our conclusions have now 
been very largely accepted by our colleagues in other countries. 

Sir William has stated in effect, and I believe he is correct in the statement— 
that the South Carolina and Michigan are the first battleships of this most recent 
period of battleship development which have the middle line arrangement for all 
the heavy guns, and are the very first to have that special form of emplacement 
of turret which permits No. 2 turret to fire over No. 1, and No. 3 to fire over No. 4. 
This method of gun emplacement was not arrived at in any haphazard way; it was 
a matter of considerable experiment. The time of making these experiments is 
now long past, and so much publicity has been given to some of the details that I 
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am sure I shall violate no confidence in giving you a brief indication of a few of the 
steps taken by the Navy Department before accepting and adopting that form of 
turret-mounting. It had been contended by many that this system of mounting 
was entirely impracticable, and would prove so in service; that, while the materiel 
might stand the blast of the upper turret guns, the personnel in the lower turret 
could not. Many experiments were made, first with turret structures on shore, 
and subsequently by so mounting a gun on board ship as exactly to simulate the 
conditions which would exist on board ship in the proposed design. We began 
the experiments with only animals in the lower turret which was being fired over 
and measured the intensity of the blast by pressure gauges; subsequently, the best 
possibly practical test was made by stationing in the turret in the places of maximum 
pressure the officers who were really responsible for the design. (Laughter.) Those 
gentlemen had witnessed all the experiments, of course, but from a comparatively 
safe distance, as did all the others engaged in making the experiments; but, on 
this occasion, they had such great confidence in the design that they themselves 
went into the lower turret and were promptly followed by others; they were then in 
an excellent position to say that it was an entirely practicable arrangement and 
that the guns of the upper turret could be fired under the most disadvantageous 
conditions, and with entire safety to the men in the lower turrets. That, in brief, 
is the procedure that the Navy Department adopted before accepting that method 
of mounting for the turret guns of its first battleships of this type. 

It is also gratifying to note that the development along that line has been 
quite continuous, and although our later ships have increased in size and in the 
total number of heavy guns, the method of mounting originally demonstrated by 
experiment has been continued; and other very important naval powers have also 
come to accept this method of mounting as being one of the best. 

I almost feel like apologizing for making this reference to recent U. S. naval 
designs, because it concerns matters in which I have had some considerable per- 
sonal interest; but now and then one reads very adverse comment concerning our 
naval materiel, and it is therefore somewhat reassuring to know that our naval 
progress is being watched with interest by foreign navies and that certain very 
important features of our designs are being incorporated in those of leading naval 
powers. 

I could not attempt to go over the many interesting points raised by Sir 
William. ‘This kind of paper is one which should bring forth a most useful discus- 
sion from a great many interested sources, and I sincerely trust, for the information 
of those responsible for our warship designs—for the information of all of us, in 
fact—that the written discussions of this paper will be very complete, as it will 
unquestionably add greatly to the value of our proceedings. 

Before concluding these brief remarks, I desire to invite attention to a comment 
made by Sir William which struck me as exceedingly linteresting. It is one that 
has been discussed before, of course, but one to which I do not think sufficient 
attention has been paid. We all know the marvelous advances made in gunnery 
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practise during the last few years. To those who do not have access to official 
records, this progress is almost phenomenal. It is only a few years ago that 2,000 
yards was accepted as a very reasonable battlerange. Recent battle practises indi- 
cate that this range may be increased to 7,000 or 8,000, and even to 10,000 yards 
and more. There is one important condition, however, that is often overlooked in 
assuming that actions will take place at such long ranges, and that is a condition 
which no one can control, and the controlling effects of which are very likely to be 
experienced in actual battle; I refer to the atmospheric conditions. In one very 
important body of water in northern Europe, it is a rule rather than the exception 
that you cannot see clearly 2,000 yards away. It frequently happens on our own 
coasts that the atmosphere is so hazy that you cannot see accurately 5,000 yards 
away. These atmospheric conditions must have a very important bearing on the 
range at which battles can be fought. Anyone, therefore, who assumes that an 
arrangement of armament which provides for a very long battle range is neces- 
sarily the best one because we will have long battle ranges, leaves out of account 
the important consideration of atmospheric conditions. Moreover, while we have 
made very great strides in naval materiel, and while I have great faith in the efficiency 
of the later developments of big gun ships, I am not one of those who consider that 
all preceding designs of another type are worthless. In fact, in my judgment, such a 
conclusion is very far from the truth. Inthe final test of battle, both as regards 
ships in the main line and in reserve, the ships which immediately preceded the all- 
big-gun ships will give a very good account of themselves. So I do not think we 
will be justified in dismissing that portion of our Navy as being obsolete and with- 
out value. 

Personally I feel very much indebted to Sir William White for presenting his 
views on so important a subject in so concise and impartial a manner, and I greatly 
regret that the limitations imposed upon us prevent any very detailed discussion of 
the paper, by the presentation of facts deduced from our own professional experi- 
ence. (Applause.) 


NavaL CONSTRUCTOR JOSEPH H. LINNARD, U.S. N., Member:—Mr. President, 
most of the points I had thought to make comment upon have already been touched 
upon by the previous speaker, but it may be said that the paper is largely a pro- 
test against the present tendency in battleship designs. I think we all have to 
admit that there are fashions in ships as well as in other things, and those who protest 
against the fashions are apt to find that their arguments, however well considered, 
fall frequently upon deaf ears. Fashion, although sometimes based in part upon 
reasoning, is also largely based upon caprice. Now fashion in warships at the pre- 
sent time indicates larger displacements. No nation is willing to take a battleship 
that displaces less than the contemporary battleship of other nations. Nor is it 
willing to have a battleship of less speed, nor is it willing to have a battleship 
that has apparently less guns on it. The point which seems to draw least atten- 
tion in the modern fashion is the question of protection, of which Professor Hovgaard 
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has fully spoken. Yet to some of us that very question of protection seems to be 
the one toward which, if we are to have a fashion, the fashion should be directed. 

The tenor of Sir William’s argument is the limitation of the number of guns 
devoted to a single ship, and this naturally falls in with the point of view of those 
who believe in greater protection. If we agree that displacements cannot be 
reduced, we can put our capital represented by displacement into armament, pro- 
tection or speed; and, as Professor Hovgaard very justly remarked, it seems to 
many of us that we have not balanced in our modern ships the parts devoted to 
each of these features. If, then, we limit the amount devoted to armament by 
reducing the number of guns, or by limiting their size, we can devote more dis- 
placement to protection. 

In the spring meeting of the British Institution of Naval Architects a paper 
was read in which the writer indicated his belief that the tendency would be to 
reduce protection and to increase very greatly speed, and perhaps armament, and 
this may be the tendency of fashion; but if the views that have been so strongly 
presented here this morning carry weight, the eventual result will be to ward increas- 
ing protection rather than increasing armament. 

The disposition of guns upon the center line exclusively has been touched 
upon by previous speakers, but the alternative arrangement, by which at least a 
pair of turrets are placed upon the sides of the vessel, has been strongly advocated 
by many on the ground of increased end-on fire, which some consider extremely 
necessary. Even if one grant the desirability of increased end-on fire, it has never 
appeared to me that the arrangement of side turrets accomplishes the results 
desired. If we take the fire directly forward, as exemplified in the South Carolina- 
Michigan design, we are able to fire without danger, as has been explained by 
Admiral Capps, four guns directly ahead. Nominally, we are able to fire six guns 
directly ahead, with three turrets arranged, one in the center line, and two on the 
sides; but I believe I will be sustained by officers who have managed battleship 
turrets and gun-fires, that this is not a practical proposition. In other words, a 
ship cannot be steered exactly at an object—the target or the enemy—and will, 
even if it is approaching directly, sheer off to one side or another in its progress. 
Now it takes but a very small angle in any of these arrangements with side turrets 
to blank one turret or the other, so that for all practical purposes the center turret 
and the turret on one side or the other are the ones that are fired, but not both of 
the side turrets in the circumstances in which ships are steered at sea; and even if 
we can fire the three turrets directly forward or aft, it is obvious, in an attack at 
least, that position cannot continue any length of time without bringing the two 
enemies—the ships opposing—in contact, and hence can but momentarily exist. 

The question of secondary batteries is somewhat complicated by the progress 
in size and weight of guns of nominally the same caliber, and it may be said that 
the latest 5-inch guns we are using on our ships have practically the same weight 
as the 6-inch guns of an earlier date; so that the 5-inch guns we have mounted may 
be practically described as 6-inch guns with a 5-inch hole in them, and if we consider 
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such guns mounted in positions in which they can be used in action against other 
ships, it seems sufficiently obvious that no commanding officer will refuse to use 
such guns in an action because they are denominated anti-torpedo guns; if he is 
able to fire them he will use them against an enemy. If such is the case, it seems 
the part of wisdom to make such guns of at least such a caliber and weight that 
they will be effective guns against the enemy’s large ships. (Applause.) 


Sir WILLIAM WHITE (Communicated) :—Having carefully read the notes of the 
discussion which followed upon my paper when it was read I would submit the 
following comments. 

To all who joined in that discussion, either in speech or writing, I would desire 
at the outset to express my thanks for the kind terms in which reference has been 
made to the value of the paper and its fairness of statement of the case. It is also 
most welcome to me to find such a consensus of opinion in favor of the main con- 
clusions at which I have arrived among gentlemen of recognized authority on 
the subjects treated. : 

Although I have necessarily bestowed much time and thought on the study of 
naval strategy and tactics in connection with the design of warships, it seemed best 
to minimize my references to that branch of the subject in the paper, and to dwell 
chiefly upon those features of the problem which directly affect the designs of 
battleships. The fundamental idea which I had in view, however, and on which 
my criticisms of single-caliber big-gun armaments were chiefly based, is exactly 
that which Admiral Mahan has expressed admirably and tersely when dealing 
with the question of the possibility of maintaining a very long range in action. 
Admiral Mahan is absolutely correct in the statement that maintenance of long 
range by a fleet or ship possessing superior speed is only possible by means of 
“constant withdrawal,’’ and a possible abandonment of any ships in that fleet 
which may be temporarily hampered in their steaming capability, or be compelled 
to slow down in consequence of injuries. Moreover it is a matter of common experi- 
ence in maneuvers in the Atlantic, and particularly in northern seas (where fogs and 
thick weather frequently prevail), that fleets accidentally blunder against another 
and make the discovery suddenly that they are in close propinquity. For these 
and other reasons I am convinced that the possession of a powerful and well-pro- 
tected secondary armament of 6-inch quick-firing guns should be an essential feature 
in the armament of modern battleships. As Admiral Mahan points out it is most 
unwise to state everything on hypotheses which may not or cannot he fulfilied in 
practise, such as the maintenance of very long range in all naval actions or the 
supposed disastrous effect of projectiles fired from very large guns hitting less 
frequently than the projectiles of smaller guns. Perseverance in that course of 
action becomes an obstinate madness, when the battleships armed on the single- 
caliber big-gun principle have to encounter other fleets which are equipped with 
powerful secondary armaments as well as with big guns. Some of the speakers said, 
with perfect truth, that the British Admiralty has been left in a position of having 
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adopted powerful secondary armaments in their latest ships. In my paper I 
preferred not to dwell upon that aspect of the question, although it is absolutely 
true. Recent statements made in the British press indicate that the force of the 
argument is now being recognized, and that 6-inch gums are likely to be reintro- 
troduced into British battleships. The chief reason given for their reappearance 
is that they are necessary in order to provide adequately against the attack of 
torpedo vessels. At the same time it is admitted that, when once moumted, these 
6-inch guns will be used also in battle. So long as the guns are carried they can be 
used as thought desirable and no one need trouble much about the reasons given 
for their reintroduction. 

Admiral Mahan endorses the view which I put forward that the power of con- 
centrating gun-fire on an enemy is not lessened by carrying a certain number of 
heavy guns in a larger number of ships owing to the fact that at long ranges the 
larger number of ships bring their guns to bear effectively on a single point in the 
enemy's line. He also agrees with the opinion expressed in the paper that an 
increase of numbers of ships making up a fleet, when kept within reasonable limits, 
is advantageous as diminishing risks from under-water attacks and giving greater 
flexibility to the action of a fleet. Pushed home to its extrenie form the argument 
in favor of the ‘‘monster’’ battleship carrying a big-gun armament would lead to 
the advocacy of a single huge ship of which the defense should be niade practically 
invulnerable and the power of the individual gun irresistible; but when stated in 
that extreme form the absurdity of the position becomes obvious and no comment 
is required. 

Advocatesof the single-caliber big-gun armament and of extremely long fighting 
ranges take for granted the possibility of continued and deliberate control of the fire 
from the heavy guns from some central position in action and the communication of 
order therefrom to the several guns being as efficient and calm as they usually are 
under peace conditions or during battle practise. In my paper I indicated clearly 
the opinion that neither of these conditions would be fulfilled; and no one who is 
familiar with the delicate apparatus used for communicating orders from control 
stations to guns and batteries can believe that the apparatus would remain in order 
long under the conditions of action. In the heatof action operatorsin control stations 
can hardly be expected to perform their duties as coolly and deliberately as they 
do in peace practise; and I am glad to note that Admiral Mahan has emphasized this 
point forcibly and clearly. 

Admiral Capps spoke very modestly of what was done before the Michigan 
arrangement of armament was decided upon; but as one who is familiar with the 
circumstances of that case I desire to put on record once more my sense of the high 
value of the work done at that time by the United States Naval Department and 
in particular by Admiral Capps and his staff. It was a bold departure to make, 
more especially after what had happened in connection with “interference” of the 
fire of the 8-inch and 13-inch guns in the Massachusetts class but with the modifica- 
tions the precautions introduced into the Michigan system complete success was 
attained and that system is now rapidly becoming almost universal. 
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Naval Constructor Taylor and Professor Hovgaard appear to be in favor of 
triple turrets as compared with the usual twin arrangement. My own reasons for 
preferring the twin arrangement have been stated briefly, and I am inclined to 
think that most people who are familiar with what goes on inside a twin turret at 
battle practise will not think it probable that when a third gun has been added . 
to a turret the rate of fire will be the same as with the twin arrangement. Certain 
additional and serious risks will necessarily be involved when that additional 
gun is mounted and worked, and these risks will be greater if the internal diameter 
of the turret is increased little if at all as compared with that of the twin turret. 
At the same time my respect for the ability as well as the boldness of Italian naval 
architects, and my knowledge of the fact that in working out the design for triple 
turrets they have been assisted by the unrivalled experience of the Armstrong firm, 
made me add that only experience in actual warfare could definitely settle the 
matter. I did not say, nor do I think, that experience could be derived from a 
single action. As a matter of fact I agree with the view expressed -by Naval 
Constructor Taylor and recognize the fact that false deductions have been made 
repeatedly from the results of single actions. No one can have read the many 
articles and papers in which the events of the battle of Tsushima have been discussed 
without becoming convinced that all writers on the subject of warship design are 
disposed to find in the events of that struggle confirmation of their own particular 
views although many of the views expressed by different writers are diametrically 
opposed to one another. 

Naval Constructor Taylor in his interesting remarks on the development of 
secondary armaments in my opinion misses the main point of that history. The 
introduction of powerful and numerous secondary armaments was made by the 
French when they began the reconstruction of their navy after the war with Ger- 
many and had to face the problem how best to deal with British turret ships of 
moderate freeboard and with their guns carried at a moderate height above water. 
These British ships belonged to what would now be called the “‘single-caliber big- 
gun armament type.’’ The French with their usual sagacity decided to construct 
battleships of high freeboard, carrying four heavy guns mounted singly (in the 
positions described in the paper) and at a great height above water, and to associate 
with those four heavy guns a battery of guns of moderate caliber carried on the 
main deck. Experience in heavy Atlantic weather—when the British turret ships 
were not able to fight their heavy guns and had no other guns to fight with—showed 
that the high-sided French ships could efficiently use both heavy guns and secondary 
armaments. The British Admiralty recognized this fact and adopted the same 
principle as the French, but carried it out in a different way. From that time 
onward to the date of the Dreadnought’s construction (1905), powerful secondary 
armaments formed an important feature in the armaments of all British battleships. 
I speak of what I know in this matter, having been personally concerned with it 
throughout the whole period in question. 

Naval Constructor Linnard contributed to the discussion certain important 
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considerations, dwelling upon the necessity for giving adequate protection to 
battleships. In doing so he really endorsed views which I had expressed in a general 
form in the paper. My thorough conviction is that in many recent designs for 
battleships protection has been sacrificed unduly ; and in my judgment the designs 
prepared in the United States Navy Department during the last five years are 
superior as regards protection to many, if not to most, of the contemporary designs 
for European battleships. An active and powerful offense is undoubtedly of great 
great value as a means of defense in a naval action, On the other hand if defense 
is unduly sacrificed, and if ships can be put out of action readily—by having their 
buoyancy and stability seriously lessened or their trim seriously changed by a volume 
of fire from comparatively light quick-firing guns—then in my judgment a proper 
balance of qualities of offense and defense has not been secured in the design. 

Professor Hovgaard repeated in the discussion views which he had expressed 
elsewhere as to the desirability of providing good torpedo armaments and stronger 
protection against under-water torpedo attacks, in modern battleships. I agree 
with him in thinking that many admirals will be disposed to seek what may be 
described as the “decisive tange’’ in action rather than to “play the game of long 
bowls” which advocates of single-caliber big-gun armaments prefer. But in my 
opinion the multiplication of torpedo-ejecting stations in battleships is not desirable, 
nor is it easy to provide the requisite space without prejudicially affecting other 
important features of a design. By some accident the section which appeared in 
the original manuscript of my paper and which dealt with the torpedo armaments 
of battleships was omitted from the proof used for purposes of reading and dis- 
cussion. It has now been restored to its place in the paper, and will suffice as an 
expression of my personal view on this subject. In regard to the use of strong 
under-water armor protection against torpedo attacks, I consider that it has been 
demonstrated by actual experiments that such means of defense would not prove 
effective against modern torpedoes. ‘The watertightness of the skin and structure 
of the vessel could not be preserved when such torpedoes got home against the 
bottom of a ship even if it were armored. It may be proper to recall the circum- 
stance that Admiral Bacon (who is an ardent advocate of the single-caliber big-gun 
ship) made the striking admission in his paper on the “ Battleship of the Future’”’ 
read before the Institution of Naval Architects last April, that no ship, however 
large, could be expected to remain effective for further action after she had been 
struck under-water by a modern torpedo. Independently of that opinion I am 
convinced that experiments already made confirm the view I have expressed, and 
therefore I consider Profesor Hovgaard is unduly sanguine in supposing that any 
feasible scheme of under-water armor protection on the bottom of a ship can be 
devised and carried out. ‘his statement of course is not intended to cast any doubt 
on the feasibility of building a ship of the dimensions and characteristics which 
Professor Hovgaard put forward a few months ago in the 1910 edition of 
“Fighting Ships.” 
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THE CHAIRMAN:—Is there any further discussion on this paper? I wish to 
repeat that written discussion is invited, if you are not prepared to discuss the paper 
on the floor. 


COLONEL STEVENS:—I move a vote of thanks of this Society for the very kind 
and admirable paper of Sir William White. 


The motion was seconded, and on the motion being put the Chairman declared 
the same carried unanimously. 


THE CHAIRMAN:—The paper on “‘The History and Economic Value of Canals, 
with Special Reference to the Cape Cod Canal,” by Commodore J. W. Miller, Vice- 
President, will be taken up next. 


The President vacated the chair and Colonel Stevens took his place as presiding 
officer. 


THE HISTORY AND ECONOMIC VALUE OF CANALS, WITH 
SPECIAL REFERENCE TO THE CAPE COD CANAL. 


By ComMMopoRE J. W. MILLER, VICE-PRESIDENT. 


[Being a paper read at the eighteenth general meeting of the Society of Naval Architects and Marine 
Engineers, held in New York, November 17, 1910.] 


The title of our Society in its broadest significance includes all marine 
possibilities. Our organization and our personnel can only prosper as the 
scope of naval projects is enlarged. The architect must be the builder 
of ideas, the engineer the constructor of new thought before the resultants 
therefrom become physical facts. 

Kindred associations, the Government and other societies are alive 
to the importance of the question of deeper waterways; therefore so much 
the more should we. ‘This country is expending some seven hundred 
millions of dollars upon canals, while millions more are advocated for the 
betterment of our rivers, harbors and streams. Many of the plans pro- 
posed are excellent, others of doubtful advantage. It should be the 
province of this scientific society to encourage the former. 

Eliminating from the discussion any narrow local, financial or com- 
mercial view of the subject, I will confine myself, in the first instance, to 
the influence of canals upon nations and communities, and then note how 
that influence has led this country to its present widespread thought upon 
the improvement of our waterways, and especially one of them which will 
be proved of immediate national benefit. From a casual study of the 
history of canals two facts present themselves :— 

1. That a congested and interior population naturally seeks the sea 
for wider markets. 

2. That wherever practicable traffic will ultimately reach the sea by 
water which has been, and again will be, the cheapest of all routes. 

The truth of these axioms is to be seen from remotest time. 


UM, 
As early as 5000 B. C. an overcrowded Assyria and Babylon were 


seeking, through waterways, the ports of Asia Minor as outlets for surplus 
product and population. 
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Following the centuries for 2,000 years, we find the great Rameses, 
Necho, Ptolemy Philadelphus and Trajan, engaged in building up Egypt, 
and extending its influence beyond the sands of the Nile, and ultimately 
to the remotest part of the Roman Empire. 

If we turn our attention toward Central Asia, we note the civilization 
of China thoroughly aroused to deep-water transportation as early as 
the seventh century, the advanced inventive genius of the Orient giving 
to canals the first ‘‘inclined plane,” and, through a perfected system, open- 
ing the interior and providing it a vent to the sea. 

Turning toward Europe we discover the earliest canals in the twelfth 
century, when Leonardo de Vinci built the first Italian lock and the Dutch 
constructed waterways through the marshes of the Netherlands. From 
these came the enlarged channels to ports, reclaimed from the sea, and from 
these ports a resultant commerce and navy which disputed with England 
the supremacy of the ocean. 

France in the seventeenth century built the Briere Canal and supple- 
mented it by the Lanquedoc, with its elevation of 600 feet, its tunnel of 700 
feet, and a length of 148 miles. That country, through its magnificent 
perfected system, is to-day able to place its manufactures at a minimum 
rate, although Germany during the past twenty years has been striving to 
outrival her. 

In England the first known canal was built by the Romans from 
Lincoln to the Trent. Abandoned at times, it was deepened in 1840 and 
still exists. Small of area, that country did not feel the need of interior 
waterways as greatly as her larger neighbors, and yet in the early part of 
the nineteenth century she built many. Today she is sending the manu- 
factures of an over-crowded interior to her vast colonial systems through 
the Manchester and Caledonian canals, while the channel which she controls 
at Suez—conceived by the Frenchman De Lesseps, at or near the site chosen 
by Napoleon in his endeavor to recreate the former power of Egypt—and 
the one at Corinth testify to a far-sighted policy of shortening the marine 
routes of the world. 


JOG 


Keeping in view the countless ages of the past, let us trace the history 
of canals in this country, remembering that it is only 186 years since Dollier 
de Casson, a French priest, advocated river improvement at the spot where 
the Lachine Canal exists to-day, and that the first actual canal was con- 
structed as late as 1750 in Orange County, New York. 
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A young Virginia engineer, previously on the Braddock campaign, 
was the first to advocate a canal company. It was George Washington 
who initiated the project of connecting the Potomac and the Ohio by an 
artificial waterway over the Alleghenies; nor did the revolutionary war 
diminish his interest in that enterprise. Senator Lodge says in his Life 
of Washington, ‘‘whether he was writing of canals or the Mississippi or 
the western posts he always was arguing and urging union and an energetic 
central government.’’ Oliver, an Englishman, in his Life of Hamilton 
writes under the heading, ‘“‘ The Power of a Vision’’—‘‘In the early spring 
of 1785, a modest but memorable meeting took place at Washington’s 
country seat, Mount Vernon, between representatives of the states of Mary- 
land and Virginia. The occasion was a conference in regard to waterways 
between the eastern settlements and the western unpeopled land.” It 
was necessary to unite the more or less disassociated states by some com- 
mon cause. Spain held the mouth of the Mississippi; England had not 
given up the frontier forts. From the meeting at Mount Vernon followed, 
first the Annapolis, and then the Constitutional Convention at Philadelphia, 
and one of the arguments for a more perfected union arose through the 
rivalry between Virginia and New York as to which should obtain the first 
water route to the west and develop unknown regions for the benefit of 
the whole United States. Washington was the moving spirit and his fore- 
sight and greatness in peace are no more forcibly shown than in urging the 
construction of what, forty years afterwards, became the Erie and the 
Chesapeake & Ohio canals. 

The war of 1812 hastened the building of the former, but we would go 
too far afield if we gave even an outline of the efforts of DeWitt Clinton 
to connect the Great Lakes and the Hudson. The improvement of natural 
bodies of water through a comparatively level country was cheaper than 
building roads in a primeval forest, and yet through the connected water- 
ways that forest was quickly succeeded by the towns and villages which 
have made the Empire State; while immigrants poured westward to people 
the Ohio and Mississippi valleys. Whatever of financial profit or loss there 
may have been to individuals from the subsequent overbuilding of canals, 
they were of the utmost economic value to both the state and country. 

Mention should also be made of the Raritan and the Morris canals, con- 
necting the Delaware and Hudson, the latter built by Macculloch in 1830. 
They opened up the coal fields of Pennsylvania and served to make New 
York the city which it is to-day. 

_ The third decade of the nineteenth century witnessed the period of 
greatest activity in canal building; the fourth, the application of steam 
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power to land transportation. Naturally the new and more mobile form 
of transit supplanted the slower one; the craze for railroads exceeded 
that for canals. The capitalist of the east sought profit in the growing 
west. ‘The farmer, lured by the rich soil of the Mississippi valley, aban- 
doned his New England home. ‘The prairie schooner took the place of 
the coasting craft. ‘The spirit, taught in the rugged school of the ocean, 
was transferred to the “conquering of a continent.’’ The Atlantic coast 
lost temporarily its sea power, and New England, through the upbuilding 
of the interior, its vast marine possibilities, which up to that period she 
had continuously fostered. 


Ill. 


Chief among these possibilities was the betterment of the network 
of sounds and bays which line the shore from New York to Nova Scotia. 
Perhaps the most interesting marine locality is the great right arm of 
Massachusetts known as Cape Cod, interesting from an historic and 
patriotic point of view, ever since the landing of the Pilgrim fathers. Discov- 
ered by Bartholomew Gosnold in 1602, a Frenchman named DeMonts real- 
ized its dangerous shoals when, three years later, he named it ‘‘ Malebarre.”’ 

From that date to this, Cape Cod has sent forth men whose names 
have been famous in all walks of life, while the county records of to-day 
show a purer Pilgrim strain of blood than anywhere else is to be found. 
There the Bacons, Cushings, Otises, uppers, Bournes, Nyes, Crockers 
and Keiths lived and still live. There engineers and naval officers sur- 
veyed. Collins there thought out the establishment of the first American 
line of steamers, while Webster, Cleveland, and Joe Jefferson lived there 
and fished in the neighboring streams. 

During three centuries a canal has been advocated across the narrow 
sandy isthmus separating Barnstable from Buzzards Bay. As early as 
1697, a committee was appointed to view the place, “it being thought by 
many persons very necessary for the preservation of men and estates” 
that the passage should be cut. 

In 1776 Washington and the Revolutionary Council sent James Bowdoin 
and Machin there to see if a way by water could be found to avoid the enemy 
and the hazardous navigation around the Cape. 

In 1780 General Knox made an estimate for a canal; then followed 
in 1791 the surveys of Winthrop and Hill, and in 1808 the report from 
Gallatin, Secretary of the Treasury. ‘The names of Thorndike, Perkins and 
Loami Baldwin were associated with the project in 1881. Subsequent 
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government surveys were those of Major Perrault of the Army, and of 
Blake and Davis of the Navy. 

From Colonel Foster’s survey of 1870 there followed the charter to 
Russell Sturgis and C. H. Allen, and that of 1880 to the Cape Cod Canal 
Company of which Mr. H. M. Whitney was President. The government 
report of Colonel Warren made at this time contains the perfected survey 
upon which the present plans are based. 

The Whitney Company having decided not to continue the work, the 
charter fell into the hands of Messrs Lockwood, Quincy A. Shaw and others 
who excavated over one million cubic yards near Sandwich, but were forced 
in the early part of 1890 to make an assignment to Col. Thomas L,. 
Livermore. 

The Lockwood charter of 1883 was supplemented by a new one on 
June 1, 1899, and under it the present company is working, it having been 
kept alive through the energies of DeWitt C. Flanagan, who had certain 
amendments made in 1900, and from 1904 to 1909, together with Charles 
M. Thompson of Sandwich, and others, endeavored to enlist financial 
interest in the undertaking. 


IV. 


The results of heredity are nowhere more apparent than at Cape Cod. 
They have forced the inhabitant to water pursuits and drawn the western 
sons of New England back to the sea, both in body and in spirit. Many 
instances could be given to prove this, and why the whole nation is again 
looking seaward. Let us at least for a moment hark back to the story of 
two men, one the pioneer of commerce in New England, the other the 
ancestor of worthy descendants. 

The time is the year 1627, and that of the rigorous winter when the 
Old Colony was threatened with starvation. The militant Miles Standish, 
now on a pacific mission, was sailing his “‘shallops’’ toward the country 
of the Shawmes; thence with his boats pulling up the Scusset River, a 
distance of three miles, he took his crew to an elevation of only 29 feet 
above the sea, and in the distance saw before him, anchored in the Manomet 
River, a small flotilla. This was commanded by a man named Isaac de 
Resieres from New Amsterdam. ‘The Dutchmen had relieved the Pilgrims 
from starvation and, “trading there in sugar, linen and other commodities,”’ 
the first commerce between New York and Boston began. From that day 
to this it has been maintained and increased through the joint endeavor 
of Massachusetts and her sons in the west and south. 
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A few years later, on April 3, 1637, Sir Edmund Freeman and nine 
others were the pioneers at the same spot where the commerce began. 
Unlike the fighting Standish he favored the new sect of Quakers. He had 
arrived at Lynn on the ship Abigail in 1635 and was subsequently seven 
times Assistant Governor at Sandwich. His daughter married a man 
named Perry who was also a Quaker, and his son married Perry’s sister. 
From that union of Freemans and Perrys there ultimately came those distin- 
guished fighters, General Nathaniel Greene, Christopher and Raymond 
Perry of revolutionary fame, and the two brothers Oliver Hazard Perry 
and Matthew Calbraith Perry, the naval fighters of the war of 1812; the 
latter, who opened up the trade of Japan to the world, was the grandfather 
of the man who is now building the channel near the home of his ancestors. 


Va 


I have shown the economic results of canals upon foreign countries 
during the long ages of the past, and that they have been of benefit to the 
United States at large. The fact, however, must be kept distinctly in mind 
that in this country of magnificent natural water courses their improve- 
ment has been limited to a trifle over a century, and that we have seen the 
introduction of steam—a power that temporarily checked canal building. 
The time has now arrived when water transportation will find its own again. 

The railroads, heretofore antagonistic, are to-day unable to carry the 
crude products of the country, and are in favor of canals. ‘Two notable 
examples may here be cited. 

Fifty-two years ago the Sault Sainte Marie canal was opened when the 
railroads had a monopoly of the Great Lakes traffic. Minor freight agents 
and railroad officials made whatever rates they chose, while rivalry between 
competing corporations reduced those rates until combinations led to “‘sys- 
tems,’’ when the tariff was again raised. ‘This rivalryresulted in the shippers 
of the lake region becoming restive and initiating water lines; they were 
fought by the railways until the broader and higher officials saw the wisdom 
of using the parallel lakes for the movement of raw material, the result 
being to-day the numerous fleets working in harmony with the land routes 
to the advantage of all concerned. Thus, in 1857, the wisdom of the advo- 
cates of the Erie Canal in 1825 was again shown, and to-day New York is 
building a deep-draught barge route to cost one hundred millions of dollars. 

It is for wise statesmen to say, in view of what Canada is contemplat- 
ing, whether or not there should be a depth of 25 feet from the Great Lakes 
to the Hudson. 
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Nearer home we have an equally notable example on Long Island 
Sound. Here also a body of water parallels one of the most powerful 
corporations of the country. That corporation has fostered ‘‘this multiple 
trackway free to all’’ to the great benefit of its land lines. It has recognized 
the vital fact that cheap freight must be brought into the eastern states 
ata minimum figure. In no other way can the population of a manufactur- 
ing region in a locality devoid of cotton, iron or coal continue its industries. 
If New England is to retain her prosperity, she must continually foster 
water transportation. Massachusetts especially should be alive to the 
fact that while government bureaus are publishing reports, while associa- 
tions are discussing future policies, actual work is being done by a corpora- 
tion within her borders upon the channel, advocated by her earliest settlers, 
and that the Cape Cod Canal will be finished in 1912. 

No better examples that a “congested and interior population’’ must 
seek water routes can be given than those quoted above. 

The commerce of the former has been increasing by leaps and bounds, 
and the time has arrived for the construction of the Cape Cod Canal as the 
northern section of the first of the series of channels which will ultimately 
be built to carry domestic commerce to connect with the foreign trade 
passing through the Panama Canal. 

Thus far the attempt has been made to prove that history and heredity 
both point to the time being ripe for improved waterways. 

The heretofore numerous attempts to create a merchant marine for 
this country have been abortive, but it would seem that the present move- 
ment, emphasized by the meetings and agitation of the past year, may lead 
to tangible results, through the reflex action from the west toward the east 
in favor of water transportation. 


VI. 


We now naturally come to a description of the Cape Cod Canal. 

From an engineering point of view, the problem is not great. ‘The total 
length over the isthmus is 8 miles. The total length to 30-feet depth in both 
bays is 13 miles. The soil to be cut is sand, and amounts to 17,000,000 
cubic yards. The deepest cut is 29 feet above tide-water. The channel at 
both ends of the route, the natural marshes and streams already furnish 
a waterway for boats of light draught. The difference in tide between the 
two bays necessitates no locks. The depth of the canal is to be 25 feet. 
The minimum width of bottom will be roo feet through the central portion 
of the canal, and this will give a surface width at the narrowest point of 
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250 feet. The approaches will have a minimum bottom width of 250 feet. 
The right of way has been obtained, and in addition other tracts of land 
essential to the undertaking. 

Agreements for the change of the railroad line have been made with 
the N. Y., N. H. & H. R. R. Co.; the railroad bridge necessitated thereby 
is completed; four dredges are deepening the five-mile western approach 
from Buzzards Bay; two large suction dredges are removing about 20,000 
cubic yards per day for the channel through the marshes at the eastern end 
of the canal. 

A breakwater, 3,000 feet in length, is being built northward of the 
channel, where it enters Barnstable Bay. Several other dredges are at 
work on the central portion of the line. Administration and other build- 
ings have been bought and the necessary preparation made for a campaign 
of activity on the ground during the coming winter. 

The bridges are being constructed on the basis of an ultimate depth 
of canal of 34 feet. They will each have an opening of 160-feet span of 
the type known as the Bascule lift bridge. The local travel across the 
canal will be accommodated by such bridges or ferries as experience may 
dictate. 

The final estimates for the canal include the thorough electric lighting 
and other aids to navigation of the whole channel and approaches requisite 
for a region where fog prevails. 

The tonnage through Vineyard Haven Sound to-day, which will be all 
tributary to the canal, amounts to 25,000,000, of which there is:— 


Tons. 
(Oya Pg UR re AD bes! eich MR OE MOE EAMES bn os AUPE Ont Be Gz 9,000,000 
SLOTS Sit canis ieee ator MPLS Dee ec tens abe 300,000 
INKoWwe) SCONE) FOIAUST, oa oak cosceca sas dacsectends 250,000 
(Oil ge ete Bet Od IL ee nae a er a at 200,000 
ISUBICIAGS THEO NENNSISS. 556 ba say snsacosnacgooee 2,000,000 


the remainder being crude material of various descriptions. 

The number of passengers between New York, southern and eastern 
points by water is to-day over500,000. ‘This numberwill be greatly increased 
through the opening of the canal, as the neighboring regions will be much 
more accessible, and steamers of the Sound type can leave New York late 
in the evening, land their passengers at desirable resorts, and arrive at Boston 
early the next morning. 

The N. Y.,N.H.&H.R.R.Co. runs along the southern bank of the 
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canal. A large manufacturing center will be developed at the eastern 
end, where mills will have the advantage of both land and sea transportation. 
Water abounds in the hills back of the center of the line, and on these hills 
an increasing summer population will undoubtedly be settled. 

Skepticism as to the success of the canal has been natural, being based 
on the conditions of the past, when the great majority of the coastwise 
tonnage was carried in sailing vessels. 

To-day— 

(a) This tonnage is under the control of a small number of corpora- 
tions, which tow the merchandise in barges containing from 1,000 to 3,500 
tons. 

(6) The towing companies now require a plant for a three-weeks round 
trip on account of the dangers and delays via the Vineyard Haven route. 

(c) The cost of this plant will be reduced at least one-third, for the 
reason that not only is the distance shortened sixty-six miles, but the 
duration of the trip is greatly diminished. 

(d) Insurance from perils of the sea will be lessened. 

(e) The congested railroad systems of the Atlantic coast are now heartily 
in favor of water transportation for crude material, thus relieving their 
lines for the transportation of high-class merchandise and passengers. 

(j) This new waterway is not in the strictest sense a canal, but a short 
passage connecting two portions of a much-traveled route through which 
a known traffic exists. Its conditions are analogous to those at Suez, where 
the profits have far exceeded the estimates. 

g) Humanity demands the elimination of the dangerous, stormy 
and fog-bound route around the Cape. The loss of life and property in 
that locality has been appalling. The record, more or less incomplete, 
from 1843 to 1903, gives a minimum of 2,131 vessels wrecked in the Nan- 
tucket Shoals region, 908 of which were total losses. Ten complete crews 
disappeared with their ships, and in addition, about 700 men lost their lives. 

The completion of the canal will render unnecessary the proposed 
dredging of Pollock Rip channel at an estimated cost of some three million 
dollars, a sum which could be much more advantageously used by the 
Government in the neighborhood of the canal rather than being wasted in 
the tortuous and ever-shifting channels off Chatham. 

Such is the description of the work being done by the Boston, Cape 
Cod & New York Canal Co., a corporation which is expending twelve million 
dollars under a charter granted by the State of Massachusetts on June 
I, 1899. Its promotors are assured that it will be a financial success. The 
writer shares their opinion, and is proud, as an ex-navy officer, to be asso- 
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ciated with a company, the forerunner in the construction of a series of 
canals which will be potent factors in the problem of regaining for this 
country the old colonial spirit of the ocean. Our merchant marine, taught 
among the shoals of Cape Cod, but dormant for half a century, will, if the 
signs be right, once more encircle the globe. The recent renewed love for 
our great navy, as well as history, proves this, and all should join with 
helping hand and voice in this and every effort toward bringing the thought 
of the United States “back to the sea.” 


DISCUSSION. 


‘THE CHAIRMAN -—Is there any discussion on this paper, gentlemen? 


CapTain THomas I. MILLER, Associate:—Mr. Chairman, I would like to ask 
a question about a point which I consider important, and that is as to the prev- 
alence of fogs in the upper part of Buzzards Bay as compared with the Nantucket 
Shoals. This is a matter which will have a very important bearing upon naviga- 
tion, and also, as Commodore Miller very well knows, additional lighthouses 
and lightships will be required to make this new waterway comparatively safe. 


COMMODORE MILLER :—Fogs are of course prevalent along the New England 
coast, but they are much less dense in Buzzards Bay and Barnstable Bay than 
they are off Cape Cod or in Vineyard Sound. Recognizing, however, that there 
must be the utmost mobility through a narrow strait connecting two important 
waterways where commerce demands speed for both night and day traffic, we 
are giving the subject of lighting the canal most serious attention. We must make 
it attractive for the whole twenty-four hours. We are therefore in communica- 
tion with one of the foremost electric light companies upon the basis of what I may 
term ‘street illumination,” including the approach in Buzzards Bay to the end 
of the breakwater at the eastern terminus. If this plan can be carried out there will 
be a white lamp every 400 or 500 feet, throwing its reflection upon the channel, 
and a green and red one designating the shores. ‘The principle is to have marked 
spots and buoys and to avoid horizontal rays which are blinding to pilots. 


Mr.FE. Pratr STRATTON, Member:—Mr. Chairman, there is one question I would 
like to ask the author of this paper regarding the depth of water in this canal— 
25feet. It seems to me this is a depth that will hardly meet the requirements of 
our battleships, and Captain Miller has referred to the fact that the bridges over 
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this canal have foundations extending 35 feet under water; hence I am inclined 
to believe that it would be desirable if the depth of 25 feet could be increased to 
accommodate vessels of a draught of at least 35 feet. The Panama Canal is to 
have 4o feet of water in it, and as the Cape Cod Canal will certainly have to 
accommodate a large majority of all the commerce passing by sea from Boston to 
New York and vice versa, I incline to the belief that the promoters of this great 
enterprise should sericusly consider a draught of water of at least 30 feet, and still 
better 35 feet, and as the material to be removed can all be handled by dredges, 
and transported by scows, the increased cost will be much less in proportion than 
it would be if excavated dry and the soil transported by rail. 


ComMODORE MILLER:—The matter of depth of the canal had very grave 
consideration on the part of the corporation of which I have the honor to be vice- 
president. Ours is a commercial company building a waterway for the coast-wise 
commerce of the United States. This commerce necessitates not more than 
twenty-five feet depth at low water. From a business and financial point of view 
we see no necessity of any deeper channel. May I say incidentally that, consider- 
ing the skepticism of the past, the Belmont syndicate is showing wisdom in so 
doing. The people, the Government and the State of Massachusetts should appre- 
ciate that while other organizations are demanding aid, we are building this first 
of the Atlantic coast canals with our own resources for the merchant marine of 
the country and the coast. If the Navy wishes a thirty-four or forty-foot canal 
we will, however, as patriotic citizens be ready to listen to any proposition that 
the Government may make. Foreseeing that there may be some possibility of 
deepening the canal for battleships at some future period, we are going to the 
great expense of making the foundations of our bridges deep enough for such a 
contingency, and are about to place our wharves sufficiently far back from the 
center of the canal so that they will not interfere with any greater depth required 
by the Navy. Such is my answer from the business, financial and commercial 
side of the question. 

If it were put to me as vice-president of this Society, and an ex-officer of 
the Navy, my answer would be as follows :-— 

While well aware that the place for a battleship is the open sea and off shore, 
still I can conceive of some crucial moment when the squadrons at such strategical 
points as New York, Boston and Narragansett Bay should be united with the 
utmost celerity as a fleet to quickly oppose a united enemy of large force. In 
such an event if the canal were thirty feet in depth at low water, 150 miles could 
be saved over the route outside of Nantucket, and such saving warrants the addi- 
tional outlay of about $3,000,000, and I will venture to prophesy that that extra 
depth will eventually be made and at a cost far exceeding what it can be done 
for during the present process of construction. It would be a trifle if it insured a 
victory by uniting squadrons in the time of need. 

Again, the Government has now under consideration the deepening of the 
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shoal and fog-bound passage around Cape Cod, known as Pollock Rip Channel. 
This will cost at least $3,000,000, and the shifting sands in that region will close 
it within a few years. This channel will be useless after the completion of the 
canal; it will be a waste of money to put it there, therefore in one sense the deepen- 
ing of the canal will cost the Government nothing. 


Mr. Epwarp P. Bates, Wember:—Mr. Chairman, the writer has referred to 
DeWitt Clinton and Robert Fulton in a general way in this paper, and I have 
heard it stated that Robert Fulton was a consulting engineer for DeWitt Clinton 
in the laying out of the Erie Canal. I have never come across any such authority 
myself and I would be very glad if any member here who has knowledge of such 
authority, or if he finds any such authority, would communicate it. Robert 
Fulton, I believe, died nine years before the canal was completed. 


CoMMODORE MILLER:—Referring to Mr. Bates’s question—how far DeWitt 
Clinton used Robert Fulton as designing engineer—I am unable to state. I do 
know, however, that he supplied general designs for the inclined planes to Presi- 
dent Macculloch of the Morris Canal in New Jersey, and these inclined planes still 
exist. DeWitt Clinton and Professor Renwick were advisors in that enterprise, 
and John C. Calhoun, Secretary of War, gave the services of General Barnard. 

At the ceremonies incident to the opening of the Erie Canal off Sandy Hook 
on November 4, 1825, the following toast was given :— 

“To the memory of Robert Fulton whose mighty genius has enabled us to 
commemorate this day in such unparalleled magnificence and grandeur.”’ 

From which quotation it would seem that Fulton prior to his death was an 
advisor to DeWitt Clinton. 


THE CHAIRMAN:—Are there any further remarks? If not, the time having 
arrived for luncheon, the Chair will announce that Mr. Cramp’s paper, ‘The 
Evolution of Screw Propulsion in the United States,’’ will be read by Mr. Forbes 
immediately upon reassembling at half past two. 


The Convention thereupon took a recess. 


EVOLUTION OF SCREW PROPULSION IN THE UNITED STATES. 
By CHARLES H. Cramp, Eso., VICE-PRESIDENT. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, r910.] 


PART II—AMERICAN CLIPPER AND LARGE PADDLE-WHEEL STEAMERS. 


The period of the greatest activity in shipbuilding in this country, as 
far as the hulls were concerned, which were all of wood, was between 1849 
and 1860, and it was about that time that iron had begun to take the place 
of wood in Great Britain. It was at the close of the demand for a high 
class of vessels, which originated during the famine in Ireland, that gold 
was discovered in California. This necessitated quick transportation for 
trade and travel, and the great American clipper, which had been introduced 
in the East India trade, nad developed into the highest state of perfection 
ever attained in the art. The investment due to the favorable conditions 
of the time was a correspondingly profitable one. This might also be said 
of certain paddle-wheel steamers that began to make their appearance about 
the same period. 

During the excitement, while rates for passengers and freight were high, 
all kinds of inferior or obsolete vessels were sent out to California at a hand- 
some profit and most of them were permitted to remain in the Bay of San 
Francisco until they rotted or were destroyed. 

Soon the clippers, and afterwards the steamers, began to swarm there; 
charges had begun to settle down to a regular basis which still continued 
high—about a dollar a cubic foot for freight, with passenger rates at as high 
arange. Many clippers cleared themselves on the first voyage; they were 
mostly built in New England on speculation and were sold at extravagant 
prices. The charges for freight and passengers were a great stimulus to the 
introduction of the high class of paddle-wheel steamers in the trade there, 
and, notwithstanding the cost of running them, they became very profitable. 

Both of these classes of ships, particularly as far as the hulls are con- 
cerned, were by all means the greatest and most interesting specimens of 
naval architecture that the world has ever witnessed; not only as traders, 
but for the beauty and gracefulness of their design, completeness of their 
equipment, and seaworthiness. This superiority not only extended to the 
hull of the ship and shipbuilder, but to the spar-maker, the rigger, the ship- 
joiner and all others connected with the equipment and outfit. We must 
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also include the commander and his officers within the scope of this supe- 
riority and efficiency. 

As the overland travel began to increase the usefulness of the clipper 
in the California trade began to wane and lines of fine paddle-wheel steamers 
were placed on each side of the Isthmus. Later on the clippers stopped at 
Peru for a return cargo of guano. All of this aided in prolonging the exist- 
ence of the side-wheeler and of retarding the introduction of the screw. 

A number of paddle-wheelers later extended their trips to Australia 
and China, but the machinery, which did not function well on short trips, 
failed on these long trips. 

A trip along the wharves of the East River during this period was an 
interesting one. Besides the large packet ships and steamships there were 
to be seen the skysail and moonsail yards of the large clipper ships, a note- 
worthy sight. 

In addition to the ships there, one would see a captain of one of these 
ships in all his glory; he was the cockiest looking man to be found; he was 
always handsome and well built, well dressed, and looked his part well. 

The great character and high standing of these ships, with all 
relating to them, began in 1853 to lose that important position they had 
acquired before that time. ‘There were many reasons that contributed to 
their impending downfall. The introduction of steam and the inability and 
neglect of our people to take proper advantage of the correct methods of its 
application, and the introduction of iron in the place of wood were the 
principal reasons for it. The profitable traffic in the carrying trade was on 
the retrograde, owing to the increasing facilities and falling away of demands 
due to the approaching civil war, and when that war commenced there was 
an end to that part of the shipping industry, as the Government bought at 
liberal prices most of the steamships that remained. If the shipping mer- 
chants and steamship companies of New York, as well as the engineers of 
that place, would have encouraged the start made by engineers in Phila- 
delphia, the destruction would not have been so complete. 


WARSHIPS FOR NAVY. 


As soon as the civil war had begun, shipbuilders began to replace some 
of the vessels taken by the Government and devote their energies to contracts 
with the Government for navy and transport services. The Navy Depart- 
ment, through Assistant Secretary Fox, concluded to build a number of 
armored vessels, in view of what had been done by the French in the Crimean 
war, and what the British had been doing since in the way of building them. 
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In accordance with his recommendation, Congress made an appropriation 
for them and Commodores Smith, Paulding and Davis were appointed a 
board to carry out the purpose. They advertised for proposals, to be 
accompanied by full specifications and drawings, and also with the price. 

The advertisements were responded to by about thirty proposals of 
the most extraordinary and outlandish character, and as illustration of 
the retrograde in everything relating to naval architecture and steam pro- 
pulsion in New York, three of the great builders from there proposed to 
build a ship for a certain sum of money, without a single drawing or scrap 
of specifications as to dimensions, material or performance accompanying 
them. They affected to be above troubling themselves as to matters of 
mere detail and maintained a lofty attitude throughout. 

The only complete proposition accompanied by drawings with full 
specifications as to dimensions, and with size of armor, speed and time for 
completion presented, was that of the New Ironsides, which we furnished, 
and it was at once accepted, and as the price was less than the appropriation 
the Board decided to accept the two other propositions whose sketches and 
details were fuller than the others. The cost of these ships exhausted the 
appropriation. ‘They were those of the Monitor and Galena, and the object 
of the Board, as they stated it to me, in taking them was in the way of an 
experiment. All of these vessels were propelled by screws. 

The contract for the New Ironsides was in the name of Merrick & 
Sons who furnished the engines and armor. At that time engine building 
was not included in any of the shipbuilding works. The suggestion that 
we should join in their proposal was made to me by Mr. B. H. Bartol, 
superintendent of Merrick & Sons. 

When we built this ship it was in direct correspondence with the 
Department and it was according to our drawings, which were in the fullest 
detail of rigging, spars, sails, etc., and the same detail was observed by 
Merrick in the engine installation. 

The building of the New Ironsides, Monitor and Galena was an event 
that led to the effectual and final destruction in this country of the great 
shipbuilder whose career and occupation had been so distinguished in 
connection with the great packet and clipper, and had covered him with so 
much glory. I refer to the commonplace but important incident of the 
battle between the Monitor and the Merrimac. Both of these vessels were 
curious specimens of the shipbuilding art. The Merrimac was an old 
American warship of wood which was cut down and a sort of raft-like upper 
works built upon her, and badly done at that. Her battery was poorly 
protected and was practically hors de combat on the first round with the 
Monitor. 
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The Monitor was built by parties who had never built a warship and 
had little experience with iron hulls. During its construction we were 
requested to send men over to bend the keel pieces, which were dish-shaped 
and bent hot, and other matters of difficult workmanship. 

This victory over the Merrimac, coming as it did while the whole 
country was aroused over the sinking of the Congress and Cumberland, was 
the cause of one of the greatest excitements in shipping circles that the world 
has ever witnessed. Ericsson, with all of the officers who were on the 
Monitor during the fight, became the subjects of the most extravagant 
demonstration of hero worship. The Monitor craze carried everything 
before it, and even those whom I have reason to believe were not stampeded 
had to give way, so that, for a time, the Monitor was looked upon as the only 
war vessel, and only monitors were contracted for by the Navy Department. 

It was common talk among contractors that the drawings supplied 
them for machinery of Ericsson’s own design were mere sketches, and that 
he could not be induced to examine the contractor’s detailed drawings or 
the machinery itself while under construction. Some were unkind enough to 
say that this was a clever plan to avoid responsibility for the machinery if 
anything went wrong, as he could claim that his drawings had not been 
properly adhered to. His friends, of course, denied this; and some even 
asserted that this practice was an evidence of the genius and greatness of the 
inventor. 

The builders of these monitors accumulated fortunes in their work 
owing to the high prices they had secured and in the easy time they had in 
fulfilling their contracts. They believed it was owing to their own capa- 
bility in money making and in shipbuilding. After the war some organized 
new steamship companies, and some went into shipbuilding, both of these 
occupations being busy in replacing ships that the Government had taken, 
or had been lost; others went into railroad building in the west—all became 
ruined financially. The railroad, shipbuilding, and steamship companies 
that continued after the war were, with certain exceptions, those that 
existed before it. 


THE FIRST IRON BOAT BUILT BY WM. CRAMP & SONS, THE LEHIGH. 


Having been convinced at an early date that we should take up iron 
shipbuilding, we commenced in it by building the side-wheel tow-boat 
Aspinwall to take the place of the Lehigh. The engines of the Lehigh were 
transferred to the new one by the I. P. Morris Company. ‘The large coal 
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companies still continued to use the side-wheel tow-boat to tow their large 
fleet of canal boats. Previous to 1847 all towing was done by the paddle- 
wheel boat, mostly by old ferry-boats; these were to be found everywhere in 
the United States and Cuba. 


THE FIRST SCREW TUG, THE SAMPSON. 


The New Jersey was engaged in towing on the Delaware, and was being 
repaired at Reaney & Neafie’s. 

' Mr. Michael Malloy, who was engaged in towing vessels to a point 
below the Horse Shoe on the Delaware with old ferry-boats, after witnessing 
the work done by the New Jersey, and with our recommendation, con- 
cluded to build one to do their work. We built the Sampson for him, of 
wood, and Reaney & Neafie built the engines. She proved a success and Mr. 
Malloy parted with his old ferry-boats, and all others in Philadelphia who 
followed towing did the same. ‘The Sampson was the first screw tug-boat 
built in this country, and in connection with Reaney, Neafie & Co. we built 
a large number for all parts of the United States. 

After building the Aspinwall we built the iron hulls of several unim- 
portant vessels, when we joined Neafie & Levy in the construction of a good- 
sized ocean screw steamship, for sale. Neafie & Levy had full control of the 
machinery and we had full control of the hull complete, the price of both 
having been fixed at the start. Mr. Thomas Clyde joined in the scheme 
and secured her when finished at the prices fixed; her name was the 
Clyde. 

After that we concluded to add engine building to our plant, and we 
secured the services of Mr. J. Shields Wilson, referred to in Part I, as the 
engineering head. The time was very favorable, as the great question of 
the use and utility of compound engines had begun to agitate the engineer- 
ing world. This question was new and one that had been taken up by 
John Elder, who successfully introduced it in several new lines of steamers 
in England, and by MacFarland Gray, Engineering Member of the Board 
of Trade in London, who handled the subject with much skill in ‘‘ Engineer- 
ing,’ a periodical that favored it. 

Mr. Wilson, who at that time was the ablest marine engineer in the 
United States, had interested himself at the very beginning of the agita- 
tion, had followed it up-and had become so much convinced of its merit 
that we prevailed on Mr. Thomas Clyde to make a beginning, and he con- 
tracted with us to build the George W. Clyde, the first ship built in this 
country with fore-and-aft compound engines. 
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The success of the experiment on the George W. Clyde was greater 
than we expected, and we concluded to build compound engines and not 
consider any other type in our business as builders of complete steamships. 

Mr. Clyde was never backward in joining in any new device of merit 
when recommended by parties in whom he had confidence. 

Mr. B. H. Bartol, who had been a partner of Merrick & Sons, had also 
become a convert to the superiority of the compound engine, and afterwards 
was a prominent factor in its introduction. 


PENNSYLVANIA, OHIO, INDIANA AND ILLINOIS. 


When a new Philadelphia company was started in 1871 in connection 
with the Pennsylvania Railroad to build a line of steamers to Liverpool, 
Mr. Bartol, on account of his business ability and his experience in steam- 
ship matters, particularly in matters relating to engineering, was made a 
director of the company and chairman of the committee to provide for 
the new ships. 

He stated to me that, notwithstanding that we had every chance of 
getting the new ships, he would not agree to accept any device in con- 
struction except those of the most approved type, and he agreed that his 
company should pay us $10,000 in the investigation of everything new in 
steamship construction, particularly as to getting all the facts pertaining 
to the compound type of engines in Great Britain. Mr. Wilson and I 
made an exhaustive trip, beginning at Birkenhead and ending at Glasgow. 
As we passed on from one place to another, we found a majority against 
the compound, which afterwards determined us in favor of it. We soon 
discovered that the opposition to it was owing to the fact that the change 
of type would entail a great expense—all of their drawings would have to 
be changed, their patterns would be worthless and a great loss would be 
incurred, as they did not believe the benefits said to be derived from the 
new departure would reimburse them for their losses. 

When we arrived at the Fairfield Works of Mr. John Elder, we saw 
and were permitted to examine thirteen compound engines in various stages 
of finish, and after we had been entertained by the members of the firm we 
departed at once for Philadelphia, having spent half of the ten thousand, 
and reported favorably to Mr. Bartol, who promptly executed the con- 
tracts for the Pennsylvania, Ohio, Indiana and Illinois. 

Mr. Wilson and I were received with uniform kindness and politeness 
at every shipyard in Great Britain, and every opportunity was given us 
to investigate everything that each had done; if our trip had been a royal 
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one, we could not have been better received, and this will apply to the 
Admiralty and their dockyards as well. 

The building of these four iron ships, between 1873 and 1874, was an 
event of much importance, particularly as the ships were propelled by screws 
and the engines were of the John Elder type of compound engines. The 
ships were subjects of much consideration on their arrival in Liverpool, many 
of the principal shops sending their draughtsmen to look up the flanging in 
the boiler heads and fire boxes of the boilers; no flanging of these or any 
other part of a boiler had been done before in Great Britain. They also 
took some trouble to examine the white metal in the bearings of these 
ships. We afforded them every facility in aid of their investigations as 
to flanging methods, the use of white metal, and in every other matter they 
interested themselves, as a return for their favorable reception. 

The names of the vessels proved to be of considerable interest to two 
Liverpoodlian ‘‘wharf rats,’’ who saw the Ohio pulling into the dock. 
One said to the other, ‘‘What does that beastly name spell—a ho and a 
haitch and a bloody ten?”’ ‘The other could not inform him so they gave 
it up. 


JOHN ROACH. 


The works of Reaney, Son & Archbold at Chester were afterwards 
taken up by John Roach & Son in 1872. Mr. Roach, who was an engine 
builder in New York, by profession an iron founder of prominence, had 
built there a number of engines for the Navy during the civil war and a short 
time after. He was bold and fearless and was in possession of great mercan- 
tile and commercial instincts. He became a conspicuous advocate of screw 
propulsion and he handled his old fogy neighbors, the paddle-wheel advo- 
cates, without gloves. 

He induced two steamship companies to add new screw ships to their 
old ones. The Pacific Mail ships were still operated by certain interests 
outside of the shipping business, but under a style much reduced from its 
former lofty standing. Mr. Roach built a number of screw ships for that 
company. The final elimination of the paddle-wheel engine in New York 
was largely due to his efforts. 

Mr. Roach’s removal to Chester practically ended important hull 
building in the New York district; although he and others continued to 
build marine engines. 
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DISCUSSION. 


THE PRESIDENT :—This paper is before you, gentlemen, for discussion. 

Mr. W. I. Bascocr, Member of Council:—I think it is somewhat unfortunate 
that Mr. Cramp has not given any dates in his paper. He speaks of a good many 
old vessels., but it would be much more valuable if he had given absolute dates in 
connection with them. He says that the Sampson was the first screw tug-boat 
built in this Country, and that he built the Sampson, but he does not say in what 
year. 

I have a letter here from one of the members of this Society. Mr. J. J. Lynn, 
of Port Huron, Michigan, and he has asked me to read the following: 


“It may be of interest to have you mention that it is a question if the Sampson 
was the first screw tug-boat, the Reindeer having preceded her by three years. 
The Sampson was well known on the Lakes, if this is the boat Mr. Cramp refers 
to. The machinery was built in Philadelphia, and she was said to have come from 
the salt water. I would imagine that she was about one hundred and twenty feet 
over all, nineteen feet beam, and ten and half hold. She was a straight low pressure 
and in her day was called lazy, principally because she worked non-condensing and 
made no fuss as the other tugs did, consequently she was unpopular and her work 
was confined to towing rafts and barges. At this she was a marked success because 
she carried the largest amount of fuel of any of the boats then in operation. 

“The Reindeer was brought here from Lake Ontario by Captain Sim Keeler, 
who afterwards took her on to the St. John River, Florida. Her engines were 
double cylinder, oscillating, on an incline of forty-five degrees, and had an outside 
fired boiler, the boiler set on brick work and the return was made through the flues, 
the flame passing on the shell, thence into the flues and stack, into the atmosphere. 
I recently talked with an engineer who was aboard of her when she was in service 
here, who claims that she was an older boat than the Sampson.”’ 

CHARLES E. Hype, Member:—Mr. President, as a contribution to the early 
history of screw propulsion, I submit the following relative to the first Iron 
Sea-going Steamer built in the United States. In 1844 there was organized in 
Bangor, Maine, the Bangor Navigation Company, having as its object the building 
and operating of a steamer between that port and Boston, the following named 
persons forming the Company: Joseph Bryant, Jacob Drummond, Albert Emerson 
E. C. Hyde, James Jenkins and Edward E. Upham. One of the Company having 
been appointed manager, he was sent on a tour of observation down the coast, and 
after having looked over the steam navigation field of that day and visited several 
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shipyards, he strongly recommended building an iron steamer propelled by twin 
screws as being the most suitable for the service. Acting upon this advice, a con- 
tract was made with the firm of Betts, Harlan & Hollingsworth, of Wilmington, 
Delaware, for a vessel of the following description: 

Length, water line, 125 feet. © 

Breadth, 23 feet 6 inches. 

Depth of hold, ro feet. 

Rig, 3 masted, for and aft schooner with bowsprit and standing gafis. 

Machinery, twin screw consisting of two single engines, 22 by 24-inch cylinders. 

One drop flue boiler. 

Stateroom and berth accommodations for about 150 persons. 

The keel was of 7-16 inch plate. 

Hull plating, 4 inch to ? inch thick. 

Frames, flat bar iron, 3 inches by ? inch, spaced 20 inches, to which the 
plating was secured by U-shaped clips, or keepers, one foot apart, rivetted to the 
plates. 

The price of the hull, based on a weight of 94,447 pounds at 93 cents per pound 
was $9,208.58. 

Price of machinery, $7,650.00. 

Separate contracts were made for carpenter and joiner work, rigging, painting, 
etc. The toal cost of the vessel, ready for sea, was about $21,000.00, an itemized 
bill for which, submitted by the builders, is in the possession of the writer. 

The propellers were 8} feet in diameter of the ‘“‘Loper”’ type, for the use of 
which the patentee was paid a royalty of $530.00. The increased cost of living seems 
not to have obtained in the matter of propeller wheels since 1845. 

The vessel was about 7 months in building, was named the “Bangor,” and at 
a builder’s trial on the Delaware July 25, 1845, showed a mean speed of 11.56 miles 
per hour, with steam pressure of 46 pounds. 

She then went on the route between Boston and Bangor, and on her second 
trip, when entering the Penobscot River, fire was discovered in the cargo, which 
spread rapidly to the woodwork of the vessel which was entirely destroyed. She 
was beached as soon as possible after discovery of the fire and no loss of life occurred. 
The finances of the Company did not survive the wreck, and the boat was floated 
and rebuilt by other parties and taken South where, under the name of “Scourge,” 
she was used by the Government as a transport in the Mexican War. At the close 
of that war she was sold in New Orleans after which time all record of her seems to 
have been lost. 


THE PRESIDENT :—If there is no further discussion on this paper, we will pass 
it, with the usual thanks to Mr. Cramp for the interest he has taken in the subject. 
The paper ‘“‘Floating Dry Docks in the United States; relative value of wood and 
steel for their construction,” by Mr. William T. Donnelly, Member, we will take 
up now. 


FLOATING DRY DOCKS IN THE UNITED STATES; RELATIVE 
VALUE OF WOOD AND STEEL FOR THEIR CONSTRUCTION. 


By Wiii1am T. DONNELLY, Eso., MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, 1910.] 


While the floating dry dock is not by any means new in the United 
States, and while it is generally admitted to be an American invention, 
the application of technical knowledge or the skill of the engineer has so 
recently been called upon for its design and construction, that the writer 
feels almost bound to offer some historic references before taking up the 
special features which it is desired to bring particularly to your attention. 

The oldest available record is a copy of a patent to J. Adamson for 
floating dry docks, December 13, 1816 (Plate 13). For a description of this 
and of subsequent types of wooden floating dry docks which have been 
developed in the United States, the author refers to a paper read before 
the Brooklyn Engineers’ Club under date of January 25, 1905; and for an 
excellent detailed description of large floating dry docks built for the United 
States Government prior to 1850, parties interested are referred to ‘‘ Naval 
Dry Docks of the United States,” by Charles B. Stuart, Chief Engineer of 
the United States Navy. ‘This is one of the most valuable works in exist- 
ence, not only as regards floating dry docks but basin docks as well, giving 
such an excellent description of the construction and difficulties overcome 
in the building of the first basin dry dock at the Brooklyn Navy Yard as 
would be appreciated by those who have had the later construction under 
their care. 

For the most modern description and record, bringing the history of 
floating dry docks in this country up to the date of the completion of the 
steel floating dry dock Dewey, reference can be had to the book entitled 
“Floating Dry Docks,” edited by Sven Anderson, M. E., Superintendent 
Floating Dry Dock Department, Maryland Steel Co. This work is a care- 
ful compilation of recent papers delivered before the various engineering 
societies in this country. 

Special reference should be made to very important papers by Civil 
Engineer A. C. Cunningham, U. S. N., and Civil Engineer Leonard M. Cox, 
U.S. N., the latter paper dealing with Naval Dry Docks and being a most 
complete presentation of mathematical and structural problems. ‘This 
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paper will also be found in the Transactions of the American Society of 
Civil Engineers for 1907. 

In 1906 the author was retained by a large dry docking and ship repair 
company to prepare plans for a floating dry dock. The general require- 
ments were that the dock should ultimately have a lifting capacity of 
20,000 tons and that approximately 12,000 tons lifting power was to be 
built at the beginning and added to later on. 

While the author’s experience had previously dealt with wood as a 
structural material for floating dry docks, he was also familiar with steel 
for such structures, and owing to the fact that all docks of approximately 
this size had been built of steel, attention was directed to that material, 
and a careful study made resulted in the selection and design of the Rennie 
type of dock with steel pontoons and wings (Plate 15), the pontoons being 
14 feet deep, 28 feet long and 127 feet wide. 

By reference to Plates 16, 17, 18 and 19, the general construction of these 
pontoons will be clearly understood. The steel wings were to be 4o feet 
high to give ample longitudinal rigidity. The details of this dock were 
very carefully worked out so that accurate weights were arrived at. They 
were 6,600 tons for the pontoons and 2,700 tons for the wings, or a total 
of 10,300 tons for the structure, which, on a basis of 20,000 tons lifting 
power, gives as a factor of structural weight relative to lifting power, of 
5: 10, which agrees fairly well with other large docks previously designed 
and built. 

The fact that a working stress of 12,000 pounds per square inch was 
used throughout and that the wings of the Rennie type of dock were made 
of exceptional depth to insure longitudinal rigidity, will account for a 
somewhat higher weight factor. 

While this dock was not built, bids which were received indicated that 
the cost of the dock completed would be approximately $57 per ton of 
lifting power. For a more complete description of this dock and the novel 
method of pumping by compressed air which it was intended to use, those 
interested are referred to a paper entitled ‘“A New Method of Pumping 
Floating Dry Docks,” read before the Brooklyn Engineers’ Club on May 
9, 1907. ‘The reason for introducing the matter here is to effect a com- 
parison between this structure and similar docks with wooden pontoons. 

Referring to Plate 20, there will be seen a pontoon dock of 7,000 tons 
lifting capacity, with steel wings and wooden pontoons. ‘The detailed 
construction of the wooden pontoons is shownin Plate 21. These pontoons 
are 100 feet long, 11 feet deep and 32 feet wide. Each pontoon has eleven 
frames or trusses on 3-foot centers. Top and bottom planking is 4-inch, 
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the side planking 5-inch and the end planking 6-inch. 6” 8” deck timbers 
are worked across the 10” X 10” truss members on top and bottom in such 
a way that it is possible to get in the 14-inch double tie-rods without boring, 
and so arranged that they can be replaced at any time. 

The material is merchantable grade of yellow pine lumber throughout 
and the fastenings are all galvanized. ‘There were required for each of these 
pontoons 135,000 board feet of lumber. 

The steel wings of this dock are 368 feet long by 30 feet high, 12 feet 
wide at the bottom, and 8 feet wide at the top. ‘The detailed construction 
and bracing are shown in Plate 22. The plating varies in thickness from 
one-quarter inch to one-half inch. Referring to Plate 23, the manner of 
securing the wings to the pontoons will be seen. This is accomplished 
by means of a cast-steel shoe secured to the deck of the pontoon and con- 
nected by a link and taper wedge and similar shoe riveted to the side of 
the wing. On the outside of the dock, attachment to the pontoon is by a 
cast-steel strap through-bolted to the side of the pontoon. ‘This device is 
of exceedingly simple construction and has proved most effective. 

A pontoon has been detached by knocking out the wedges in less than 
ten minutes. The remainder of the dock is then pumped up, when the 
detached pontoons can be floated out and dry-docked on the remain- 
ing pontoons. The total weight of steel work in the wings is 1,100 tons. 
Attention is called to the fact that all of this steel is normally above the 
water-line, where it is accessible at all times for examination and repair. 

Contact between the wings and pontoons is made by a raised packing 
piece, 12 inches wide, surrounding the open top of the pontoons under the 
wings, it being understood that there is a hole in the bottom of the wing 
to allow free passage of water from the pontoon to the wing when the 
pontoon is full. The joint between the pontoon and wing is made with 
three-ply canvas packing, saturated with red lead, and the wing, at the 
point of contact, is reinforced with ?”x12” steel plate to insure against 
possible corrosion, this being the only part of the.wing, inside or out, which 
is not accessible when the dock is in commission. 

By referring to Plate 20, showing a general plan of the dock, the method 
of pumping will be understood. This is by a centrifugal pump in each end 
of each pontoon, all the pumps on one side being operated by a single 
electric motor through horizontal line shaft and vertical shaft to the pump. 
The delivery and entrance of water to the pontoon is through the pump, 
which has been found to be a very effective method of control. A more . 
complete description of the construction and operation of this dock can be 
found in ‘International Marine Engineering’’ under date of August, 1909. 
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While this dock is shown and referred to here as a 7,000-ton dock, with 
eleven pontoons and a length of 368 feet, it was actually built with ten 
pontoons and a length of 335 feet in the wings, this being the greatest 
length which would leave room for handling vessels in and out in its present 
location on the Company’s property. ‘The additional pontoon is to be 
added and the wings extended when the plant is enlarged. 

Referring to Plate 24, there will be seen a general drawing of a 5,000- 
ton pontoon floating dry dock, in which both pontoons and wings are made 
of timber. While wooden wings are not practical for the largest size of 
docks, they are applicable to docks up to 10,000 tons. 

It will be seen from the plans that there is a bulkhead in the wings 
corresponding to each pontoon and that the construction of the wings may 
be interrupted at any point. In order to extend the dock, it is only neces- 
sary to build one or more pontoons, float them in position and extend the 
wings over them, which can be done without interrupting the use of the dock. 

The machinery and pumping of this dock is similar to the one previously 
described. 


COMPARISON OF WOOD AND STEEL FOR FLOATING DRY DOCKS AND METHODS 
FOR THEIR CARE AND PRESERVATION. 


As previously stated, the building of timber floating dry docks in the 
United States is very old, and there are now in use in the Port of New 
York sixty-four floating dry docks, all of wood, ranging in tonnage from 
400 to 12,000 tons, and in the United States there are ninety-one floating 
dry docks, three of steel and one with steel wings, ranging in tonnage from 
200 tons to 18,000 tons, having a total tonnage of 228,800 tons and an 
average tonnage of 2,500 tons. 

The only steel commercial floating dry dock is at the works of the 
Great Lakes Shipbuilding Co., Detroit, Mich. ‘The only other steel floating 
dry docks in use in the United States are the Algiers dock opposite New 
Orleans, La., and the steel dock taken by the United States Government 
from Havana during the Spanish war, now in Pensacola, Fla. The Detroit 
dock and the Algiers dock are in fresh water, which makes their preser- 
vation much easier. 

The Tietjen & Lang Dry Dock Co., of Hoboken, has nine floating dry 
docks, all of timber construction, varying in lifting capacity from 800 tons 
to 10,000 tons. ‘Their first dock was built in 1884 and is still in satisfactory 
operating condition. No deterioration whatever has taken place in the 
timber work below water, but extensive repairs from time to time have 
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been made in the upper woodwork, which, of course, will deteriorate equal 
to, or somewhat more rapidly than, ordinary woodwork of buildings. 

The John N. Robins Co., Erie Basin, Brooklyn, N. Y., has two large 
floating dry docks other than the pontoon dock with steel wings previously 
referred to. One of these docks, known as the Balance Dock, was built 
by William H. Webb and finished in October, 1854 (Plate 25), and has 
been in continuous use ever since. ‘The writer has recently had the oppor- 
tunity of thoroughly examining and overhauling this dock and changing 
over the pumping plant from steam to electric operation. A most thorough 
examination of the interior and weight-supporting timbers showed practi- 
cally no deterioration, not a particle of decayed wood being found below 
the deck. Certain corrections were made, due to faults in the original 
design, to obtain a more positive control of the dock in operation, and 
since the overhauling the dock has lifted fully as heavy ships as at any 
time in its history. Much of the upper woodwork of this dock has been 
replaced and much more will have to be replaced from time to time. 

Attention should be called to the fact that owing to the size of this 
structure, 330 feet long by 100 feet wide, it has never been possible to 
entirely remove it from the water. 

The other large floating dry dock of the John N. Robins Co. is of the 
Dodge-Burgess type of sectional dock, having ten sections with pontoons 
100 feet by 30 feet. The general construction of this dock can be seen by 
referring to Plate 26 and to the work by Stuart entitled ‘‘ Naval Dry Docks 
of the United States,’ previously referred to, where there will be found 
excellent descriptions with illustrations of similar docks built for the United 
States Government at Philadelphia and Portsmouth, N. H. 

In protecting the wooden pontoons of floating dry docks and, in fact, 
all under-water parts of floating dry docks, it has been the universal custom 
to first thoroughly grave them with brown tar poisoned with arsenic, then 
apply two layers of best sheathing felt, thoroughly graving each layer ina 
similar way, and then over this to sheath the dock with r1-inch creosoted 
hemlock boards well secured with galvanized nails. This has been found 
entirely satisfactory to protect these docks from toredo and worms and 
the custom in eastern waters has been to leave them in the water for seven 
years before taking them out to replace any sheathing which may have 
become detached. 

The largest floating dry dock on the Pacific coast for many years was 
the Quartermaster’s Dock in Puget Sound. This dock was built of timber 
in 1892, and while it has been exposed in what is considered to be very bad 
water for toredo since its construction, it was in excellent condition when 


64. FLOATING DRY DOCKS IN THE UNITED STATES. 


examined by the writer last winter, although on account of its dimensions 
it has never been removed from the water. 

At the time of the construction of the pontoon dock with steel wings, 
a very thorough investigation was made as to the preservation of the steel 
wings by painting. This resulted in the use of a graphite paint of well 
known manufacture. The cleaning and painting was done in the most 
thorough manner by day’s labor under skilled direction and when it was 
completed everyone expected the most satisfactory results. The outcome, 
however, was very disappointing. After two and a half years, the interior 
of the wings is now being coated with bitumastic composition and the outside 
will be painted with red lead and oil. None of the pontoons in the mean- 
time have been removed from the water nor have they required attention 
in any manner. 

All the writer’s experience with floating dry docks and their construc- 
tion and repair leads to the firm conclusion that for under-water work, such 
as pontoons for the Rennie type of dock, wood is a much superior material 
of construction to steel, that the original cost is much less, the cost of 
maintenance less, and the life of the structure greater than steel. For the. 
wings and upper work, experience is equally conclusive for the use of steel. 
While it is apparent that the cost of maintenance will be considerable, the 
structure will last much longer, and, with a sectional pontoon dock where 
the wings are accessible at any time and any portion of the wings may 
be entirely replaced if necessary, it would seem that the structure as a 
whole will last indefinitely. 

So far as the writer is able to judge by a somewhat limited experience, 
the only reliable protection for interior steel work of floating dry docks 
in salt water is the bitumastic compound above referred to, but the first 
cost of this protection is very great, being in the neighborhood of $6 per 
ton of steel for interior protection only. Any discussion which would bring 
to bear additional information upon this particular subject would be very 
much appreciated, and it is to be hoped that the experience of the United 
States Government with the floating dry dock Dewey at Manila will be 
of help. 

A comparison of the materials used for wooden and steel pontoons shows 
that the weight of the steel per hundred tons of lifting power is 33 tons 
and the weight of wood per hundred tons of lifting power is 36 tons. It 
is evident that the difference in weight must be supplied by increased 
dimensions of the wooden pontoons. Other than in this particular, wood 
appears to have the advantage in every way. 

While reference has been made to a pontoon dock of 7,000 tons lifting 
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capacity, there does not seem to be any engineering limit to the size to 
which the Rennie type of dock can be built with wooden pontoons. A 
carefully worked-out pontoon for a 20,000-ton dock shows dimensions of 
130’ X 44’X 15’ and it will be readily understood that this structure is well 
within the practical limits for timber work. 

Regarding the cost of the different types of floating dry docks, it is, 
of course, not possible to make any definite statements, as they are much 
influenced by the varying cost of material and the location where the dock 
is to be constructed. For the relative cost of the different types of docks 
on the eastern coast of the United States, the following figures may be 
taken as being approximately correct :— 


COST PER TON OF LIFTING POWER. 


Balance sectional timber dock with centrifugal pumps $32 per ton. 


All wood pontoon dock with continuous wings...... 35 per ton. 
Pontoon dock, steel wings and wooden pontoons.... 42 per ton. 
AND SUSAL  OKovall wovoya COS << igencia ws atiokne Uiie ae teers 57 per ton. 
Government steel dock, Dewey type.............. 62 per ton. 


The comparative cost for the western coast of the United States will 
be quite different on account of the increased cost of steel and the much 
lower cost of timber. 


APPENDIX. 


Through the kindness of the President, Mr. Stevenson Taylor, and by 
permission of Mr. James W. Folger, I am enabled to add to my paper the 
following which is of historic interest in relation to floating dry docks. 

Referring to the accompanying picture, Plate 14, there will be seen one 
of the first floating dry docks, or, as it was then called a “Camel,” which 
was built in the United States. The view shows Brant Point, Harbor of 
Nantucket, about 1842, when this “Camel” was built. It was used for en- 
tering vessels over the shoals in Nantucket Harbor until about 1850. 

Additional information has been furnished by Mr. A. Milne, of Nan- 
tucket, Mass., as follows: 

“The ‘Camels’ were each 135 feet long, had a depth of about 19 feet, 
a width of 29 feet on the bottom and 20 feet on deck, drew 10 feet 2 inches 
on a level and were connected by fifteen chains, five of 14 inches and ten of 
1§ inches which bore 800 tons weight. It required 200 tons to sink the ‘Camels’ 
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a foot into the water. Each ‘Camel’ was divided into two parts, a lower 
hold and between decks.” 

It is to be noted that the forward end of this floating dry dock is 
closed with a structure similar to a vessel’s bow and it has been asserted 
that the name “Camel” originated from the fact that the first one of these 
sections was constructed from a vessel of that name. 

Nore.—The writer was in Seattle on March 6, 1911, and had the opportunity of examining the interior 
of the Heffernan Dry Dock, previously referred to in this paper, while carrying the steamer Victoria, 360 


feet in length with a displacement of 5,000 tons. The dock was entirely pumped out, as this ship represented 


the maximum lift. 
The examination extended through several compartments to the center bulkhead. All timbers were 
sound and there was no sign of deterioration from marine worms or any other cause. 


DISCUSSION. 


Mr. Horace H. THAYER, JR., Member:—Mr. Chairman, if it is in order, I 
would like to ask Mr. Donnelly what his idea is with regard to a composite pontoon. 


Mr. DonNELLY:—I have given the matter of composite construction con- 
siderable thought and study and have always found a great difficulty in obtaining 
a proper contact between the steel and wood members; that is, if the amount of 
steel is limited in direct proportion to its strength, I have found that the bearing 
contact with the wood is not sufficient to properly transmit the strain. In other 
words, a crushing action of the wood would take place. 

Another difficulty, and perhaps the most serious, has been the greater tendency 
to rust at the contact of the steel and wood. This fact has been specially brought 
out in the experience of the John N. Robins Co. in repairing vessels, it being a 
usual experience to find the steel work under wooden decks very much corroded. 

In designing the wooden pontoons and steel wings, particular attention was 
given to the matter of contact between the bottom of the wings and pontoons. 
To provide against possible corrosion of the wings an additional steel plate $ inch 
thick and 12 inches wide was added and, to eliminate the direct contact as far as 
possible with the wood, the joint was made with canvas and red lead, as referred 
to in the paper. 

I am aware that there have been a number of composite floating dry docks 
built and would very much appreciate any contribution by the members having 
a definite knowledge of them. 


Civ, ENGINEER A. C. CunnincHAM, U. S. N. (Communicated) :—In the 
combination of wooden sectional pontoons with steel side walls, Mr. Donnelly 
has secured a floating dry dock of comparatively low first cost, and moderate costs 
for maintenance and repairs. These are essential features in a commercial dock 
which, to be a success, must give a good return on the investment. A commercial 
dock must be out of commission as little as possible, and Mr. Donnelly’s combina- 
tion also tends to this condition. ‘To prevent serious deterioration, a dock with 
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steel pontoons must be self-docked at reasonable intervals for cleaning and paint- 
ing. With wooden pontoons these intervals can be much longer, as there is no 
rusting to contend with, and by keeping the wooden pontoons wet the rotting of 
the wood can be prevented. The steel side walls can always be preserved in 
place without disabling the dock. 

The combination also permits of a dock of much greater capacity than in 
wood alone. The pontoons become merely beams for transmitting the weight to 
the side walls, and, when of steel, these can be designed and constructed to take any 
stress safely. There would probably be found a point where steel pontoons would 
be more economical than wood in first cost, but it would be considerably beyond 
the capacity of a purely wooden dock. 

If a dock with wooden pontoons were located in waters where the toredo is 
plentiful and active, some attention would have to be given to the protection of 
the wood from the inside of the pontoon, especially if there were periods when the 
dock was inactive. The new graving dock at the Norfolk Navy Yard was flooded 
for several months before the caisson could be placed and the dock pumped out 
the oak keel blocks had been placed in the dock by the original contractor, and 
when the dock was pumped out it was found that the toredo had cut into the blocks 
about one inch. The greatest danger for the wooden pontoon would be at the 
bottom where there is always water, and this would also be the hardest place to 
inspect. 

The link and wedge-pin connection between pontoons and side walls is 
extremely simple, rapid and effective. If made from steel they are presumably 
forged from the solid and have no weak point. By making them of soft steel and 
finally quenching in oil from a dark cherry-red, a metal with a high elastic limit and 
great toughness at the same time would be produced. 

The preservation of the outside and inside of an all-steel floating dock, or of 
one with steel side walls only, is a matter of importance, and, with a commercial 
dock, a question of economy as well. The Government, in this country at least, 
has had the most experience in this matter. With the New Orleans dock in fresh 
water, and the Pensacola dock in salt water, a coal tar paint has been found to 
be the most enduring, as well as the least expensive preservative that could be 
applied to the outside. Red lead has not proven satisfactory on the inside of 
these docks and the coal tar paint is now being tried. The fumes from this paint 
are severe on the painter’s eyes in a closed space, but this difficulty can be over- 
come by equipping the painter with a diver’s or a fireman’s smoke helmet. 

Were it not for the impossibility of preserving and repairing the bottom, there 
are many who would prefer the solid dock to any self-docking type. In an effort 
to meet this case, the writer has proposed the use of a caisson, the general prin- 
ciples of which are shownin theaccompanying sketch, Plate 27. The general propo- 
sition is not new, and to this class of appliances Mr. Lyonel Clark, the English float- 
ing dry-dock expert, has given the appropriate name of ‘‘limpet.’”’ The new 
feature in this caisson,is the supplemental chamber shown in the sketch as having 
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a circular cross-section. ‘The supplemental chamber gives increased control over 
the “‘limpet;’’ in sinking, the buoyancy of the combination can be first destroyed, 
thereby giving easy handling under water. The most important function of the 
supplemental chamber, however, is the insuring of a perfect seal against the bottom 
of the dock before the main chamber is pumped out. 

When the revival in American shipping comes, the floating dry dock will 
immediately take a place of prominence and importance. Commercially it is an 
investment, the cost of which can be very closely estimated, and the time of com- 
pletion of which can be accurately foretold, neither of which can be said of a grav- 
ing dock. 


Mr. DoNNELLY:—I should like to express my appreciation of Mr. Cunning- 
ham’s contribution to the discussion, and in this connection would like to call 
attention to the fact that the difficulty with toredo in the basin dry dock to which 
he refers was probably due to the fact that the under-water structure was directly 
exposed to sunlight. In the examinations which I have made of the interiors of 
floating dry docks and pontoons I have never found any evidence of animal life. 
I consider this due to the fact that they were closed structures into which no light 
penetrated. 

When the sectional dock referred to in the paper was repaired there was 
removed from the interior of the pontoons from one inch to eighteen inches of 
mud and silt and it was thought by some, in consequence of the presence of this 
material, that the bottom or lower timbers would be injured by worms or other 
marine life. Nothing of the kind, however, was discovered and, when cleaned 
out, the bottom and lower timbers were found to be in perfect condition. When 
it is understood that these pontoons had not been cleaned out in twenty years, 
the permanency of such a structure is quite apparent. 


THE CHAIRMAN :—Is there any further discussion on this paper? 


Mr. THAYER:—Mr. Donnelly has asked for information upon composite 
docks. I do not know any detailed information except on one dock that I designed 
for the Government of Venezuela about five years ago; that cost fifty-five dollars 
per ton of lifting power, but it would not have cost as much as that if it had been 
erected in the United States. 


Mr. H. Penton, Member (Communicated) :—With regard to the question 
of maintenance of all iron or steel floating docks, I might say that when the float- 
ing dock of the Great Lakes Engineering Works, Detroit, referred to on page 62, 
was under consideration, the writer being at that time identified with that yard, 
the question of type and material was long and earnestly debated, the more so 
because we had less concern as to corrosion and maintenance than obtains in coast 
practise. In reaching a conclusion the longevity of the U. 5. S. Wolverine, referred 
toin the Transactions for 1909, had a prominent part. We also had before us the 
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case of an iron floating dock in Spain, dating from, I believe, 1858, and still in 
apparently good condition, though not of the self-docking type. The question 
therefore resolved itself into one of almost negligible maintenance as to steel on 
the one hand as contrasted with comparatively short life and continually advanc- 
ing prices of wood as used in dock construction, on the other. The question of 
excavation was largely eliminated because of the side-launching method prevail- 
ing on the lakes, and with which the members are familiar, enabling the use of the 
same slip for both dry dock and launching berths. In fact, it is a common practise 
to launch even the largest ships, up to 600 feet in length and 60 feet beam, sidewise 
into the ordinary basin dock having a top width of about 100 feet. 

At that time, 1902, there were on the lakes only four ships of 500 feet in length 
and the tendency seemed to be toward a somewhat shorter ship. We therefore 
decided that a length of 450 feet was all that we were warranted in providing for, 
and we accordingly fixed up the sectional sea-docking type consisting of three 
sections, each approximately 150 feet in length, to which a fourth section was 
added later. In fact, before the three sections as originally planned were built, 
we ourselves were building ships of considerably over 500 feet in length. 

Still later, to provide extra flexibility, two other shorter sections were built. 
The Ecorse dock is, therefore, so far as my information goes, the largest floating 
dock in the world in respect of linear dimensions, though not as to lifting capacity. 
The latter is not an important requirement in mercantile work because under- 
writer’s restrictions prohibit docking a loaded vessel except at owner’s risk. So 
far as relative endurance of wood and steel is concerned, at least in fresh water, 
the life of a steel or iron dock is entirely unknown, while that of a wooden basin 
or floating dock is fairly well established. 


Mr. DONNELLY :—Replying to Mr. Penton’s discussion, I would say that the 
very slight action of fresh water upon iron and steel has been thoroughly estab- 
lished, and it is practically certain that for fresh water very little deterioration 
in steel structures need be anticipated. In fact, very few vessels on the Great 
Lakes are painted on the outside below the water-line, and this fact in itself divides, 
by more than one-half, the necessity for dry docks in fresh water. 


Crvi, ENGINEER LEONARD M. Cox, U. S. N., Associate (Communicated) :— 
The writer is particularly interested in Mr. Donnelly’s timely paper owing to the 
fact that he was closely associated (as an observer only) with the timber-steel 
Robins dock throughout the period of construction and test, having been desig- 
nated by the Navy Department, on Mr. Donnelly’s invitation, to visit the dock as 
often as necessary and to report in detail upon the type. It is a privilege to dis- 
cuss a paper which describes a real advance in the development of any particular 
type of structure, and it must be apparent that the design of the Robins dock 
marks a very definite step forward. 

Speaking broadly, the life of a modern self-docking steel floating dock should, 
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if the structure is properly cared for, be of practically indefinite duration. It is 
equally true that old fashioned ‘‘quick=consumption’”’ is not more rapid in its 
ravages than the deterioration of a steel dock if it fails to receive proper ‘‘ medical”’ 
attention. This attention is expensive and the demand for it is constant. The 
United States Government has had experience with only three docks of this type, 
the oldest having been in service only eight years. Data based upon even this 
meager experience would be of great value, but are impossible to obtain owing 
to the unfortunate system of accounting which, while accurate as to funds expended 
and well adapted to the business needs of the Department, is of little value to the 
professional man, in that it offers no way to differentiate accurately between 
repairs and structural maintenance charges, and charges due to operation or oper- 
ating maintenance. 

Lyonel Clark, the noted English designer, has given about the only published 
data on maintenance cost* with which the writer is familiar. From these data, 
derived from experience with eight docks designed by him, the maintenance cost 
should run from .7 to 1.7 of 1 per cent. of the first cost annually. Mr. Clark assumes 
a life of fifty years for his structure, on the prediction that any type of dock will 
become obsolete during such a period. On this assumption he proposes the estab- 
lishment of a 1 per cent. sinking fund to charge off the cost of the structure at the 
termination of its usefulness. Had we an appreciable merchant marine, any- 
thing approaching the above figures would certainly not make a bad showing as 
a commercial proposition. 

While experience with our own naval docks may not as yet confirm or dis- 
affirm Mr. Clark’s estimates of annual maintenance cost, we are in position to 
state very definitely just what parts of a steel floating dock are most liable to 
deterioration and the most difficult to protect. It may be said that the side walls 
or towers above the light draught line are practically immune fromany but weather- 
ing effects and general wear and tear. The outside skin plating shows compara- 
tively little deterioration and it is even a matter of doubt if the covering of marine 
growths collected in most waters does not afford better protection than frequent 
self-docking, scraping and painting. The pontoon deck on a large dock causes 
considerable trouble owing to the fact that the plates are never true planes, and 
the numerous little hollows hold pools of water. This starts rust under any paint 
so far tried. It will be seen, therefore, that the outside of a steel dock does not 
suffer extraordinary deterioration and is comparatively easily cared for, but, on 
the other hand, the inside—and in particular the inside of pontoons—presents 
an entirely different set of conditions. Continually wet, inaccessible, dark, filled 
with stagnant air, it is almost impossible to paint them properly, corrosion takes 
place at a rapid rate, and everlasting trouble and difficulty, to say nothing of 
expense, is the logical result. It may not be an exaggeration to assert that nine- 
tenths of the entire deterioration, and the same proportion of upkeep charges, 
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do or should originate in the interior of pontoons. It has been said that nine- 
tenths of man’s trouble is due to his stomach and—to press the analogy further— 
the interior of pontoons can be no more easily dispensed with. 

Mr. Donnelly has solved the problem, within the limits of his material, by 
building his towers of steel and his pontoons of timber. His pontoons are immune 
from corrosion and may be protected on the outside from the toredo, while con- 
ditions on the inside do not favor the best work of that pest. As a commercial 
proposition it would seem that the ‘‘ Donnelly type”’ satisfies the long search for a 
dock combining the advantages of a steel structure with moderate first cost and 
reasonable upkeep charges. 

For naval purposes it is doubtful if this type will ever be adopted for the larger 
class of ships. This for the reason that naval architects give the first desideratum 
for warship docks as extreme stiffness. The warship is a delicate structure and 
should be docked on a level, and as nearly non-flexible, platform as possible. 
This requirement necessitates the closest approach to a solid trough dock as is 
compatible with the necessary self-docking features, and virtually eliminates all 
types consisting of numerous short pontoon sections with separate side walls. 
On the other hand the construction of a one-piece 35,000-ton timber floating dock 
is obviously beyond the practical limits of timber construction. 

For the smaller class of naval vessels, such as torpedo boats, destroyers, gun- 
boats and smaller cruisers, the combination structure offers a most satisfactory 
facility and there is need for quite a number of such docks at the present time. 
It might be well if every repair station were equipped with at least one small dock 
of, say, 3,000 tons lifting capacity, for use as a relief for the larger graving docks— 
a step that would be warranted from motives of economy as well as of strategy. 

A recent report on the condition of the floating dock Dewey discloses a consider- 
able amount of deterioration of all exposed metal in the interior of pontoons, except 
that part covered by bitumastic enamel, which was found to be apparently un- 
changed. Bitumastic was placed hot, 4 inch thick, over all plates, shapes and other 
metal, on the floors of pontoons and for a height of 12 inches upward on the vertical 
surfaces. All other interior surfaces were covered with three coats of red lead. 
The cost of applying bitumastic was in the neighborhood of seven cents per square 
foot of surface covered. It may be of interest in this connection to state that 
experience with the bitumastic solution alone has been unsatisfactory in locations 
where it has been tried, and the enamel, when placed on the outside of floating 
structures, has proven equally unsatisfactory. Red lead and certain brands of 
graphite paints have given the best service on exposed surfaces on the outside 
of the structure and inside of side walls, except on decks. No satisfactory 
protection for decks has yet been discovered but, of all those yet tried, the Cunning- 
ham tar paint has given the best results, and it is probable that entire satisfaction 
might be obtained from this covering when better and more uniform methods 
of applying it have been determined. 

The limits of this discussion do not permit specific mention of all the valuable 
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features of the particular dock designed by Mr. Donnelly for the John M. Robins 
Co., but the ingenious flooding and pumping arrangement is especially worthy of 
commendation. The writer was present at the official docking test and testifies 
to the splendid working of every part in sinking and in raising. At all times the 
trim was under perfect control and an inexperienced dock master might have 
conducted the operation with perfect safety. The same praise applies to every 
detail of the Robins shipyard, which has been rearranged for electric power through- 
out, in accordance with Mr. Donnelly’s design. 

The table ‘“‘Cost per Ton of Lifting Power’’ on page 65 of the paper isa most 
interesting one, but inasmuchas the government dock Dewey was designed with 10,000 
pounds unit stress instead of 12,000 as used for the “ All Steel Pontoon Dock,”’ 
it is apt to produce a slightly erroneous impression in the minds of those prone 
to criticise government methods. The difference in unit stresses allowed in each 
case eliminates at least a portion of the difference in per ton costs and the remainder 
of this difference is accounted for by the peculiar requirements of the naval service. 


THE CHAIRMAN :—Anything further, gentlemen? If not, we will passthis paper 
and I am quite sure I express your opinion when I say Mr. ponsalyy is entitled 
to your thanks for a most interesting paper. 

“ Our Constitutional Shipping Policy and the Compact for its Establishment,” 
by Mr. William W. Bates, Member, is our next paper. It will be read by the grand- 
son of the author. 


THE SECRETARY :—Mr. President, I would like to state, in regard to Mr. Bates’ 
paper, that he wrote saying he could not read it himself, and requested that his 
grandson read the paper. 


It was moved, seconded and carried unanimously that the paper be read and 
incorporated in the proceedings. 


OUR CONSTITUTIONAL SHIPPING POLICY AND THE COMPACT 
FOR ITS ESTABLISHMENT. 


By Wiiiiam W. Bares, Eso., MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, 1910.] : 


To understand our subject well, we need to study pertinent historical 
facts preceding, during, and following the Revolution.. When it appeared 
that a struggle for freedom from kingly oppression was imminent, the 
colonies organized a general government such as seemed necessary to collect 
and direct the resisting energies of the people. Only a loose confederacy 
was intended. ‘‘Articles of Confederation’’—as few as possible—com- 
prised the authority of Congress. Congress could plan for defense, but the 
men and money for execution were to be furnished by the several states. 
At first this was done as required, afterwards at convenience or not at all. 

Congress could not legislate concerning commerce or navigation, lay 
a tax or collect a duty, regulate the currency or encourage industries. 
These things were attended to by each state for itself. The general 
authority was much impaired toward the end of the war. ‘The states 
then furnished but scanty means for carrying it on. After its close, with 
disunion in sight, it was even more clearly seen than ever that, on the 
ground of safety alone, the Union should be continued. Without a general 
government making for nationality, our dearly bought independence was 
insecure; foreign intercourse would be restricted and difficult; domestic 
commerce, under different state regulations, caused friction which might 
result in warfare; safety of life and property and freedom depended on 
peace and tranquillity. Prosperity would not obtain unless a stable and 
energetic government, on the republican plan, cared for and encouraged 
the development of natural resources. Particularly must commerce and 
navigation and the fisheries be promoted and sea power obtained. 

Unless a national government of a closer union, under a wise con- 
stitution, were soon established, America, instead of becoming a single, 
strong nation, its freedom secure, its prosperity favored by good condi- 
tions, its power developing with population, a dissolution of the existing 
union would certainly take place, and in time be followed by two or more 
confederacies; or, the several states remaining single, each might make 
foreign alliances; or some be reduced to dependencies of foreign nations, 
thus encumbering the continent with fortifications, standing armies, dis- 
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cordant governments, highly taxed and impoverished people—after the 
example of Europe. Great Britain was then neglecting to observe the 
' treaty of peace. She was determined, and already preparing, to engross 
our commerce and navigation—that no rival should rise in the west. By 
a proclamation of her king, the ports of the British West Indies and of 
the loyal provinces were shut to the vessels of the United States. All inter- 
course was reserved for British vessels. We were prohibited the carrying 
of our own exports. ‘This action was a violation of international shipping 
rights. England had refused to make a commercial treaty. This refusal 
has been said to have given us our Constitution. Certainly, the king unwit- 
tingly put renewed life into the Congress of the time. Several states called 
its attention to his encroachment, and a committee headed by Thomas 
Jefferson reported that improvement of conditions could only come from 
“navigation laws’? such as would counteract foreign regulations and 
protect the vessels of the several states. The states should be requested 
to confer on Congress, for fifteen years, authority to enact such regulations 
of commerce as might seem essential to the end in view. For various 
reasons the states did not respond as desired. Seeing the failure of the 
proposition, each state, for itself, enacted navigation laws. These were 
quite diverse—discriminating tonnage duties in one state, discriminating 
tariff duties in another, and both kinds of duties high in a third state. 
Unfortunately, the regulations of one state applied to the vessels and 
cargoes of the others, just as they did to those of foreign countries—the 
vessels of the several states being foreign in allstates not their own. Little 
protection against foreign vessels resulted, while much friction followed 
between the states, mitigated somewhat by reciprocity agreements. 

Thus it was demonstrated that only “‘uniform’’ regulations of com- 
merce, enforced by a national government against foreign vessels only, 
would answer the purpose of building up an American marine—the only 
basis for commercial independence and strength on the ocean. The weaker 
side of our country was toward the ocean. From that side had already 
come the first invasion of our rights. We might expect more aggression 
from the same quarter. The remedy for our sea-weakness would only 
be found in shipping and commercial prestige—the growth of the marine, 
the building of vessels and the extension of commerce by the hands of our 
own people. Our situation with respect to the sea was well described by 
Judge Jay, of New York:— 

“Among the many objects to which a wise and free people find it 
necessary to direct their attention, that of providing for their safety seems 
to be the first. * * * But the safety of the people of America against 
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dangers from foreign force depends not only on their forbearing to give 
just causes of war to other nations, but also on their placing and continuing 
themselves in such a situation as not to invite hostility or insult; for it 
need not be observed that there are pretended as well as just causes of 
BWV ete REE es 

“With France and with Britain we are rivals in the fisheries, and can 
supply their markets cheaper than they can themselves, notwithstanding 
any efforts to prevent it by bounties on their own, or duties on foreign 
fish. (1787.) 

“With them, and with most other European nations, we are rivals 
in navigation and the carrying trade; and we shall deceive ourselves if 
we stippose that any of them will rejoice to see it flourish; for, as our 
carrying trade cannot increase without in some degree diminishing theirs, 
it is more their interest, and will be more their policy, to restrain than 
to promote it.” 

The press of the time teemed with matter on the state of the Union 
and the prospect of advancement under independent government. The 
importance of the Union, in a commercial point of view, was one of the few 
topics on which all writers seemed agreed. Shipbuilding, navigation and 
commerce must be leading trades of America. Alexander Hamilton, of 
New York, wrote as follows:— 

“There are appearances to authorize a supposition that the adven- 
turous spirit which distinguishes the commercial character of America has 
already excited uneasy sensations in several of the maritime powers of 
Europe. They seem to be apprehensive of our too great interference in 
that carrying trade which is the support of their navigation and the founda- 
tion of their naval strength. * * * They foresee the dangers that 
may threaten their American dominions from the neighborhood of states 
which have all the dispositions, and would possess all the means, requisite 
_ to the creation of a powerful marine. Impressions of this kind will naturally 
indicate the policy of fostering divisions among us, and of depriving us, as 
far as possible, of an active commerce in our own bottoms. ‘This would 
answer the threefold purpose of preventing our interference in their naviga- 
tion, of monopolizing the profits of our trade, and of clipping the wings 
by which we might soar to a dangerous greatness.”’ 

For the purpose of accomplishing the best results of enterprise and 
industry, every patriot believed with General Washington in the advantages 
of a government ‘‘competent to assert and maintain every right of the 
people.” 

According to the judgment of Alexander Hamilton :— 
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“Under a vigorous national government, the natural strength and 
resources of the country, directed to a common interest, would baffle all 
the combinations of European jealousy to restrain our growth. ‘This situa- 
tion would even take away the motive to such combinations, by inducing 
an impracticability of success. An active commerce, an extensive naviga- 
tion and a flourishing marine would then be the inevitable offspring of 
moral and physical necessity. We might defy the little arts of little poli- 
ticians to control, or vary, the irresistible and unchangeable course of nature. 

“But in a state of disunion, these combinations might exist and might 
operate with success. It would be in the power of maritime nations, availing 
themselves of our universal impotence, to prescribe the conditions of our 
political existence; and as they have a common interest in being our carriers, 
and still more in preventing our becoming theirs, they would, in all prob- 
ability, combine to embarrass our navigation in such a manner as would 
in effect destroy it, and confine us to a passive commerce. We should thus 
be compelled to content ourselves with the first price of our commodities, 
and to see the profits of our trade snatched from us to enrich our enemies 
and persecutors. That unequalled spirit of enterprise which signalizes 
the genius of the American merchants and navigators, and which is in itself 
an inexhaustible mine of national wealth, would be stifled and lost; and 
poverty and disgrace would overspread a country which, with wisdom, 
might make herself the admiration and envy of the world.”’ 

Alluding to the defects of the general government then existing, and 
to its unfitness for the administration of the affairs of the country, Mr. 
Hamilton declared that several ‘‘ powers’’ were lacking. 

“The want of a power to regulate commerce is by all parties allowed 
to be of the number. The utility of such a power has been anticipated 
under the first head of our inquiries; and for this reason, as well as from 
the universal conviction entertained upon the subject, little need be added 
in this place. It is indeed evident, on the most superficial view, that there 
is no object, either as it respects the interests of trade or finance, that more 
strongly demands a Federal superintendence. ‘The want of it has already 
operated as a bar to the formation of beneficial treaties with foreign powers, 
and has given occasions of dissatisfaction between the states.” 

It might be said of the discussions of the time that the preservation of 
the Union, coupled with the “regulation of commerce,”’ foreign and domestic, 
was an idea often and generally expressed. James Madison, of Virginia, 
afterwards styled ‘‘the father of the Constitution,’’ wrote thus :— 

‘““Every man who loves peace, every man who loves his country, every 
man who loves liberty, ought to have it ever before his eyes, that he may 
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cherish in his heart a due attachment to the Union of America, and be able 
to set a due value on the means of preserving it. * * * It must indeed 
be numbered among the greatest blessings of America that, as her Union 
will be the only source of her maritime strength, so this will be a principal 
source of her security against danger from abroad. * * * 

“The defect of power in the existing Confederacy to regulate the com- 
merce between its several members is in the number of those which have 
been pointed out by experience. * * * Without this supplemental 
provision, the great and essential power of regulating foreign commerce 
would be incomplete and ineffectual.” 

In 1787 a National Convention, composed of delegates from all the 
states except Rhode Island, met, considered and completed the Federal 
Constitution. The only discussion of the power to “‘regulate commerce’”’ 
was in connection with its use for the encouragement of the merchant 
marine, in which the question was on a resolution that bills for “‘naviga- 
tion laws’’ should receive a ‘‘two-thirds vote.’’ This was decided in the 
negative, and the necessary clause was afterwards agreed to unanimously. 

As near perfection as it was, the new Constitution had much opposition 
in the public press. Hamilton and Madison, both members of the Conven- 
tion, were the most distinguished writers in its explanation and defense. 
Concerning the power to regulate commerce, Mr. Madison wrote -— 

“Tf the new Constitution be examined with accuracy and candor, it 
will be found that the change which it proposes consists much less in the 
addition of new powers to the Union than in the invigoration of the original 
powers. ‘The regulation of commerce, it is true, is a new power, but that 
seems to be an addition which few oppose, and from which no apprehensions 
are entertained.” 

It should be understood that all the powers of the Constitution are 
derived from the states, and were given up by them and taken over by 
the Federal Government, not for ornament or to be laid aside, but for 
actual use—for the advantage and benefit of the nation forever. The 
powers of government not essential to national administration remain 
with the states. They refused to give up any power not thus essential. 
In the nature of the case, every power given up was transferred on condi- 
tion and promise of its faithful exercise. The Federal Government had no 
moral right to receive, on any condition, any power whatever that it did 
not intend to exercise; and only in bad faith can it relegate any power to 
desuetude. The “‘suspension”’ of ship protection, or of any other promise, 
is a violation of compact. 

It seems to be supposed by many that Congress may enact laws regard- 
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less of the Constitution, and that this charter, given by the states and the 
people, cuts little figure at Washington. But this is a sad mistake. That 
we have a constitutional shipping policy extant to-day is no wonder at all. 
The several states, as we have seen, had a policy of trade regulations, and 
thought it vital to their commercial independence. They turned this policy 
over to the United States, the only object being to increase its efficiency, 
and to get a great nation to enforce it forever. From the debates in the 
Convention it is clear and positive that the shipping policy of the states 
was to become that of the United States, and that this was one of the ‘‘ bonds 
and conditions”’ of the Union—just as much as allowing each state, big or 
little, two Senators in Congress, or that provision reserving certain rights 
to the states, or that concerning the President’s nativity, or that limiting 
his term of office-—just as much, in fact, as any provision of a fundamental 
character. 

Let us glance at the debate in the Convention. General Pinckney, 
of South Carolina, offered and advocated a resolution that a ‘‘two-thirds 
vote’’ should be required for the passage of a ‘navigation act.” 

Mr. Clymer, of Pennsylvania, said:—‘‘ Difficulties ought not to be 
increased by unnecessary restrictions. [he northern and middle states will 
be ruined if not enabled to defend themselves against foreign regulations.”’ 

Governor Morris, of Pennsylvania, declared that ‘‘preferences to 
American ships will multiply them tillthey can carry the southern prod- 
uce cheaper than it is now carried. A navy was essential to security, 
particularly of the southern states, and can only be had by a ‘navigation 
act’ encouraging American bottoms and seamen.” 

Mr. Williamson, of North Carolina, thought ‘‘the restriction would 
please the southern people.”’ 

Mr. Spaight, of Virginia, opposed the motion—‘‘The southern states 
could at any time build ships for their own use.’’ (Charleston and Baltimore 
were then shipbuilding ports.) 

Mr. Butler, of South Carolina, also opposed the motion, while Mr. 
Mason of Virginia supported it. 

Mr. Wilson, of Pennsylvania, thought “if every peculiar interest was 
to be served, unanimity ought to be required.” 

Mr. Madison, of Virginia, went fully into the subject:——‘‘The disad- 
vantage of the southern states from a ‘navigation act’ lay chiefly in a 
temporary rise of freight, attended, however, with an increase of southern 
as well as northern shipping, with the emigration of northern seamen and 
merchants to the southern states, and with a removal of the existing and 
injurious retaliation among the states on eachother. ‘he power of foreign 
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nations to obstruct our retaliatory measures on them, by a corrupt influence, 
would also be less if a majority should be made competent to legislative 
acts in this case. An abuse of the power would be qualified with all these 
good effects. But,” he thought, ‘‘an abuse was rendered improbable by the 
provision of two branches; by the independence of the Senate; by the 
negative of the President; by the interest of Connecticut and New Jersey, 
which were agricultural, not commercial, states; by the interior interest, 
which was also agricultural; by the accession of western states, which 
would be altogether agricultural. The southern states would derive an 
essential advantage in the general security afforded by the increase of our 
maritime strength.” 

Mr. Gorham, of Massachusetts, speaking for New England, said:—‘‘If 
the Government is to be so fettered as to be unable to relieve the eastern 
states, what motive can they have to join it and thereby tie their own 
hands from measures which they might otherwise take for themselves? 
The eastern states were not led to strengthen the Union by fear for their 
own safety. He deprecated the consequences of disunion, but if it should 
take place it was the southern part of the continent that had the most 
reason to dread them. He urged the improbability of a combination 
against the interest of the southern states, the different situations of the 
northern and middle states being a security against it. It was, moreover, 
certain that foreign ships would never be altogether excluded, especially 
those of nations in treaty with us.”’ 

Thus was the fact disclosed to the Convention that the encourage- 
ment of the merchant marine, free of restrictions, was an indispensable 
requisite for a permanent union of the states. Had this matter been settled 
otherwise, New England, New York, Pennsylvania and Virginia would 
not have adopted the Constitution. This being clearly seen, the grant of 
power was made “‘nem. con.’”’ No provision of the Constitution contrib- 
uted more to its adoption. No power exercised by Congress ever created 
so much prestige and advantage for our republic. Our early marine was, 
verily, ‘“‘the Child of Protection.’’ This statement will not be contra- 
dicted and need not be proved. Nor need further evidence be given to 
show that the mode of this protection—and its original power—was given 
up by the states and taken over by the General Government, on condition 
that the protection desired and necessary should always be afforded. By 
this compact the states were relieved of their natural duty to encourage 
and protect a most important industry, and the United States, by virtue 
of it, promised and undertook the duty, with no right reserved ever to 
discontinue it. 
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Nevertheless, this solemn compact was violated by Congress. At the 
height of our marine prosperity, in 1826, when our vessels were carrying 
95 per cent. of imports and 89.6 per cent. of exports in our own commerce, 
the President recommended the ‘‘suspension’’ of ship protection in the 
foreign trade. The measure passed in 1828. ‘‘Maritime Reciprocity ’’— 
free and open trade with favored nations—was the fad. Foreign nations 
could call for this advantage at convenience and enter into ‘“‘convention”’ 
for a term of years—usually ten, each party reserving the right to terminate 
it afterwards by giving a year’s notice. Conventions averaged one each year. 
By 1860, thirty nations had taken advantage of our Act of May 24, 1828, 
and our shipping decline was well under way—thanks to mistaken theory. 


THE ACT THAT HAS DESTROYED OUR MARINE. 


“That upon satisfactory evidence being given to the President of 
the United States, by the government of any foreign nation, that no dis- 
criminating duties of tonnage or impost are imposed or levied in the ports 
of said nation upon vessels wholly belonging to citizens of the United 
States, or upon the produce, manufactures or merchandise imported in 
the same from the United States, or from any foreign country, the President 
is hereby authorized to issue his proclamation declaring that the foreign 
discriminating duties of tonnage and impost within the United States are 
and shall be suspended and discontinued so far as respects the vessels of 
the said foreign nation, and the produce, manufactures and merchandise 
imported into the United States in the same from the said foreign nation, 
or from any other country; the said suspension to take effect from the 
time of such notification being given to the President of the United States, 
and to continue so long as the reciprocal exemption of vessels belonging 
to citizens of the United States and their cargoes, as aforesaid, shall be 
continued, and no longer.” 

There was no reason of state for this act. No nation was demanding 
it. Under its operation for the past forty-five years, with scarcely any 
protection, our foreign-trade marine has almost disappeared. No merchant 
vessels belong to the ‘‘ United States,’’ save as vessels built and owned in 
different states of the Union—registered under the laws of Congress. The 
many who have been, and the very few that are yet, engaged in the build- 
ing and running of our foreign-trade marine are now in this situation: 
The different states cannot, as formerly, protect their shipping; and the 
Federal Government has ‘‘suspended”’ its law for so doing. More than 
this, Congress has no other way to relieve the situation than to terminate 
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our shipping conventions and to resume vessel encouragement where it was 
thrown off, beginning in 1828. In other words, the Federal Government 
has no other course than to resume the observance of the compact and 
policy of the Union and the Constitution. 

In the first place, the Act of 1828 was an abuse of power, without 
authority, void and destructive. The authority of Congress under the 
Constitution is a delegated authority, to be used lawfully and beneficially— 
not otherwise. Alexander Hamilton, in advocating the adoption of the 
Constitution—and but for his learning and eloquence New York would 
have rejected it—made this assertion :— 

“There is no position which depends on clearer principles than that 
every act of a delegated authority, contrary to the tenor of the commission 
under which it is exercised, is void. No legislative act, therefore, contrary 
to the Constitution, can be valid. To deny this would be to affirm that 
the deputy is greater than his principal; that the servant is above his master; 
that the representatives of the people are superior to the people themselves; 
that men, acting by virtue of powers, may do, not only what their powers 
do not authorize, but what they forbid.”’ 

The compact with the states, as such, and also with the people, made 
by the Convention, was for ‘“‘ navigation laws,” to encourage and upbuild the 
merchant marine and the foreign carrying trade, not to perish and destroy 
these trades by the constant operation of a faithless act for unprotection. 
Moreover, to clinch the argument, the Constitution having provided for 
a specific method of encouragement and protection (that of trade regula- 
tions, meaning “‘discriminating duties of tonnage and impost’’), all other 
methods are thereby precluded; while there is no authority for the taxation 
that would be necessary for the fostering of the marine by subsidizing, 
were that method adopted. 

That other nations have power to subsidize their vessels, but we have 
not—this power remaining in the states—is not surprising. Rather, the 
wonder is that some of us do not better understand the principles and the 
limitations of our National Government. What is wanting and is demand- 
able is an honest observance of the compact for ‘‘navigation laws,” on the 
lines of those now ‘‘suspended”’ in the interest of foreign nations, costing 
nothing but governmental good faith, to produce satisfactory results. 

In conclusion, let no one say that insuperable obstacles exist, for any 
difficulties are of our own making, and the right was reserved to retrace our 
steps. The welfare of the country demands the carrying out of the compact 
for “‘navigation laws,’ and our National Government is perfectly able to 
resume that policy. We pretend to be an independent nation, but a mari- 
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time nation without a marine of its own for its own foreign trade—its 
commerce ‘‘ passive’’—is not an independent power. Once we were potent 
on the ocean, and led the world in navigation. Now inferiority, subordi- 
nation, dependency, are words descriptive of our status. Our unprotective 
policy is blamable for this. So are the statesmen who continue it. 


DISCUSSION. 


THE CHAIRMAN :—There is nothing further for us to consider this afternoon, 
only I again remind you of the banquet and also remind you of commencing early 
to-morrow morning and sticking to the five-minute rule in discussion. The meet- 
ing stands adjourned until to-morrow morning at 10 o’clock. 


FRIDAY, NOVEMBER 18, IgI0. 


Members began to assemble at 10 A. M., pursuant to adjournment. 
The President took the chair and called the meeting to order at 10.30 A. M. 


THE CHAIRMAN:—I am very gald to see, gentlemen, that the arduous dis- 
cussions of yesterday did-not tire you all out, and that you are here to resume the 
papers of to-day. We would have started promptly at ten o’clock, had it not been 
for a very important meeting of the Council which had to be held at that time. 

The first paper this morning is ‘‘An Analysis of Tests of Water-tight Bulk- 
heads with Practical Rules and Tables for Their Construction,’ by Professor 
William Hovgaard, Member. I am happy to say Professor Hovgaard still lives, 
in spite of reports to the contrary. 


AN ANALYSIS OF TESTS OF WATER-TIGHT BULKHEADS WITH 
PRACTICAL RULES AND TABLES FOR THEIR CONSTRUC- 
TION. 


By PROFESSOR WILLIAM HovGAARD, MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, 1910.] 


This paper is a continuation of last year’s paper on the “Strength of 
Water-tight Bulkheads.’’ While that paper was of a purely theoretical 
nature, the present paper contains an analysis of bulkhead tests, followed 
by practical rules and tables based on this analysis. 

The majority of tests here recorded and analyzed, in fact all except 
the last two, have been carried out in American battleships and cruisers. 
Probably no other navy has undertaken so great a number of scientifically 
conducted tests as the United States Navy, and it is at least certain that 
no other navy has been so generous as to permit a publication of the results. 
As far as the author is aware, no reliable and exhaustive information on 
bulkhead tests had been published anywhere prior to 1898, when the late, 
eminent Naval Constructor J. J. Woodward, U. S. Navy, published his 
valuable paper on this subject in the Transactions of this Society, and 
very little has come to light since that time. The careful and scientific 
methods in carrying out the tests, which were originated by Mr. Woodward, 
have been used ever since in the United States Navy. 

During the present analysis new theoretical problems have occurred, 
and improved methods of solution of problems, already discussed, have 
suggested themselves in some cases. This paper shall therefore begin with 
an extension of the theoretical treatment given in last year’s paper. 


I. FURTHER DEVELOPMENT OF THE THEORY. 
a. BRACKETS. 


In last year’s paper the effect of a bracket was considered equivalent 
to a bending moment exerted at the end of the stiffener, and the stiffener 
was regarded as carrying this bending moment without being structurally 
reinforced by the bracket. This is the ordinary theoretical view of the 
case, but is correct only if the bracketing is effected by extending the 
stiffener down below the top of the floors, connecting it to a floor plate or 
longitudinal as indicated in Fig. 1, a, and provided we consider the stiffener 
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to end at B and to be strictly vertical at this point. ‘The stiffener is then 
at B subject to the entire bending moment B.S without any reinforcement 
in strength at this point. 


FIG. 1. 


Df INDICATES CURVE OF BENDING MOMENTS. 


We shall now consider the more ordinary case where a triangular 
bracket is fitted, and we shall assume that the main bar of the stiffener 
is held so that its end is strictly vertical, 7. e., so that perfect encastrement 
is attained, and that the structural element of the hull, to which the bracket 
is attached, is perfectly rigid. We must here take account of the facts, 
firstly, that the supporting forces exerted by the bracket are applied at 
some distance from the end of the bar, and, secondly, that when the bracket 
is intimately connected with the stiffener, it serves to reinforce the stiffener 
structurally by increasing its moment of inertia. 

Let us consider separately the two forms of brackets illustrated on 
Fig. 1, b and c. 

The bracket shown on Fig. 1, b, may be considered to be quite inde- 
pendent of the bar of the stiffener, 7. e., as a more or less rigid fixture to 
which the bar is connected, but which does not reinforce it. The effective 
height of the bracket is in this case not FB but FB’, the overlap of the 
bracket on the bar, since no increase in the height of the bracket would 
increase its hold on the stiffener as long as this overlap remains the same. 
Evidently there can be no bending moment at the end of the stiffener or 
even at the lowest rivet. The supporting force, instead of being applied 
at the end of the stiffener, as generally assumed in the theoretical treatment 
of this problem, is actually subdivided in minor forces, applied at the vari- 
ous rivets on the overlap, and these forces will greatly affect the bending 
moments to which the stiffener proper is subject between F and B’. Refer- 
ring to Fig. 1, b, the curve of bending moments, instead of being continued 
to the point S, as generally assumed, will reach a maximum a little below 
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the apex of the bracket and will go to the zero point at the lowest rivet 
on the overlap of the bracket. The maximum bending moment thus found 
on the overlap will probably not be much greater than that at the middle 
of the stiffener, but the shearing forces acting on the upper rivets of the 
bracket must be very great. 

By the second form of bracket, Fig. 1,c, the bar of the stiffener is split 
and intimately connected to the bracket, or some other form of equally 
efficient connection is used, so that the bracket may be regarded as form- 
ing an integral part of the stiffener. We need not in this case consider 
the action of individual rivets; the stiffener carries the entire bending 
moment BS at the end, as given by the curve PS, but being reinforced by 
- the bracket, the stresses will, with a well constructed bracket, not be as 
great as at the apex of the bracket. Fig. 2 gives the curve of stress for 
a stiffener bracketed as in Fig. 1, c. 


FIG. 2. 


i. CURVE OF STRESSES. 
2. CURVE OF MOMENTS. 


Hence by this form of bracket, being more certain in its action than 
the bracket shown in Fig. 1, b, we are only concerned with the free part of 
the stiffener between the brackets, and it must be of advantage to make 
these of such a height that the bending moments occurring at the apex of 
the brackets, C and D in Fig. 3, shall be not greater than the maximum 
which is found near the middle of the stiffener at O. ‘The result of this 
requirement is shown in Fig. 3, where the height of brackets, BD and AC, 
required for its fulfilment is given in the different cases of bracketing. 

Curves of bending moment are shown both for uniform and for increas- 
ing (triangular) load. For a partly uniform, partly increasing load the 
curve would be intermediate between those given on the figure. 
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FIG. 3. 
CURVES OF BENDING MOMENTS. 
|. UNIFORM LOAD PB 2. TRIANGULAR LOAD P, 
ZF, 


CC’= 00'» oD" : 
Ac =-091 = 8D BO='0291 AC =:075 L 


As seen from the diagrams, equalization of the moments at C and D 
with that at O is attained in all cases, when the brackets are of a height 
equal to somewhat less than one-tenth of the length of the stiffener. 

It is clear, however, that the height of the brackets must be regulated 
not only by the length but also by the strength of the stiffener. In case 
of deck beams the same problem occurs, and practise has there fixed upon 
a depth of knee or bracket of about three times the depth of the beam. 
The same rule may be applied to the lower brackets of stiffeners, provided 
that the bar is split and that its free flange with face plate or reversed 
bar, if any, is carried out along the sloping (outstanding) edge of the bracket. 

The horizontal side of the bracket should likewise be of a length equal 
to about three times the depth of the stiffener. 

The length of the sides of the upper bracket in a stiffener, which is 
bracketed also at the foot, may be about ten per cent. less than in the 
lower bracket. 

Referring to last year’s paper, it was stated on page 391 of the Trans- 
actions (1909) that when a stiffener is bracketed at the foot and freely 
supported at the top, the maximum bending moment will be greater than 
if the stiffener had been freely supported at both ends. This statement 
requires qualification, for, as explained above, it is true only if the bracket- 
ing is effected by connecting the stiffener to an absolutely rigid floor plate 
or longitudinal as shown in Fig. 1, a, instead of simply attaching it to the 
top of the floors as in Fig. 1, d. It is not true if an effective bracket is 
fitted above the floors as in Fig. 1, b and c. 

In Table II of the Report of the British Bulkhead Committee of 1890 
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no distinction is made between these cases (Fig. 1, aand Fig. 1, b orc), since 
the same sizes of bars are recommended whether the bars are ‘‘efficiently 
connected to the intercostals between the floors in vessels having ordinary 
floors,’’ or whether they are “‘secured with efficient brackets to the inner 
bottom in vessels having cellular bottoms.” 

In case of stiffeners supported at both ends and at an intermediate 
point the statements made in last year’s paper (see the Transactions, 1909, 
page 393), concerning bracketing of a stiffener, which is continuous over the 
middle point of support, should, in the light of the above discussion on 
brackets, be amended to read, that the best solution is obtained by bracket- 
ing at all three points and not only at the ends, since the stiffener will thus 
be reinforced at the middle point where a great bending moment is found. 
If only one bracket is fitted at the middle point, it should be fitted below 
rather than above this point. 


” 


b. FORMULAS FOR THE CASE WHEN THE LEVEL OF THE WATER IS BELOW 
THE TOP OF THE STIFFENER. 


This case was omitted in last year’s paper, but as it occurs in the 
present analysis, and as it may occur in many other cases, the solution 
is given in the Appendix. 


Cc. FORMULAS FOR TENSION AND BENDING COMBINED. 


The solution of this problem given in last year’s paper may be much 
simplified in cases where the maximum elastic deflection, 6, of a stiffener 
is known, as in case of the analysis of a given test. As shown in the 
Appendix, we may then with sufficient accuracy calculate the tension, 
T, under the supposition that the stiffener has deflected as it would do 
under pure bending with the same maximum deflection and under a uni- 
form load. 

This supposition furnishes us in all cases with a simple equation of 
the first degree in JT. The expression for T depends only on the elasticity 


‘ ‘ ; ry 
of the material and on the ratio between the deflection and the length, r 


and is thus entirely independent of how the deflection has been produced, 
and of the moment of inertia of the stiffener. 

The tension so found is likely to be an outside maximum value, for 
the supports of a stiffener are rarely absolutely immovable, nor are the 
attachments absolutely rigid, such as supposed in. the formulas. 

By applying this method to actual bulkhead tests it is found, that with 


88 AN ANALYSIS OF TESTS OF WATER-TIGHT BULKHEADS. 


the deflections ordinarily considered permissible, the tension is generally 
so small that it may be neglected, or, if it is desired to take it into account, 
the tensional stress so found may be simply added to the stress due to 


_ pure bending. In fact, aslong as 0 does not exceed about tig the tension 
200 


will be less than one ton per square inch. (See table of stresses and deflec- 
tions on page 12 and the numerical example given at the end of the 
Appendix.) If in the design of new bulkheads we desire to examine the 
value of the tension, we may with sufficient accuracy calculate the deflec- 
tion for pure bending and use the value of 6 so found in the determination 
of T. 

Only in extreme cases need we use the formulas for combined tension 
and bending, but in view of the tension being determined independently, 
as explained above, the treatment of the problem of a stiffener fixed at the 
ends, which was given in last year’s paper, has been somewhat modified 
and extended in the Appendix of the present paper. 

In the case of uniform load it has been found possible altogether to 
avoid the expansion of the exponential functions. In the case of uniform 
plus increasing load such expansion is unavoidable, as a convenient solution 
cannot otherwise be obtained, and it has been found necessary to extend 
the expansion somewhat further than given in last year’s paper in order 
to obtain sufficient accuracy. 


II. ANALYSIS OF BULKHEAD TESTS. 
@. DESCRIPTION OF TESTS. 


The tests here analyzed were carried out on bulkheads of rectangular 
form stiffened by a system of vertical, equidistant stiffeners of uniform 
section. This system is used in several navies, it has recently been adopted 
by Lloyds and Veritas and has been used for some time by several other 
Classification Societies; it is therefore of greater interest and importance 
than any other system of stiffening. The tests fall in two classes, those 
where the stiffeners are double, 7. e., placed on both sides of the bulkhead, 
as in Fig. 4,a, and those where the stiffeners are single, as in Fig. 4, b. 


FIG. 4. 
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The total number of analyzed tests here recorded is fourteen, of which 
six were with double stiffeners, eight with single stiffeners; but several of 
these tests were made at two or more heads of water. The main results 
are given on Plates 28-31, and each test is given a number for reference. 

In cases where deflections were measured at several different heads of 
water on the same bulkhead, the test generally commenced with a small 
or moderate head, increasing in stages up to the maximum. After the 
deflections at maximum head had been taken, the pressure was removed 
by letting the water run off completely, whereafter the permanent set was 
measured. The permanent set so found corresponds therefore only to the 
maximum head, and is not applicable to the deflections measured at the 
smaller heads, which existed prior to the maximum. For the purpose of 
analysis it would therefore be preferable to proceed in the reverse order, 
first subjecting the bulkhead to the maximum head and then to the smaller 
heads, since in that case the permanent set, measured after the test, would 
be applicable to all the readings. 

Only in case of test No. 7 was this order of procedure followed. 


b. METHOD OF ANALYSIS. 


The deflections used in this analysis, represented on the diagrams by 
heavy lines, are always the elastic deflections, 7. e., the observed deflections 
minus the permanent set. They are marked: ‘‘Obs. Elast. Defl.,”’ and are 
drawn through the observed points irrespective of fairness of the curve, 
generally representing the mean deflections for two or more stiffeners. 
The curves of permanent set are given in dotted lines. 

In cases where deflections have been measured at smaller heads pre- 
vious to the maximum, the permanent set to be deduced has been estimated 
as a fraction of that found after the stiffeners had been exposed to the 
maximum head. In all cases where such estimate has been made it is 
clearly stated on the diagrams. 

The curves of observed deflections refer in all cases to the middle stif- 
fener or stiffeners in order as far as possible to eliminate the influence of 
the bulkhead plating in supporting the stiffeners by its tension. 

The first question which occurs in the analysis is whether the tension, T, 
of the stiffeners shall be taken into account. As stated above it was found, 
in most of the cases here analyzed, that the tension might be neglected 
or that it might be found approximately and then simply added to the 
stress corresponding to pure bending. Only in one case, that of test No. 
12, did the tensional stress exceed one ton per square inch, but, as evi- 


go AN ANALYSIS OF TESTS OF WATER-TIGHT BULKHEADS. 


denced by the great permanent set, 1} inches in 9 feet, this case is rather 
exceptional. (See table of stresses and deflections, page 94.) 

The next question to be examined is whether brackets, when such are 
fitted, shall be considered effective, and to what degree, or in other words, 
which formula will in each case most nearly conform to the actual condi- 
tions, the formula for a stiffener fixed at the ends or that for a stiffener 
freely supported at the ends. 

In order to settle this point, curves of deflection have been calculated 
according to both of these formulas, and these curves are shown in light 
lines on the diagrams. A comparison between the observed and the calcu- 
lated curves will at once show which of the two assumptions is nearest 
the truth, but due regard must be paid to the rigidity of the structure 
to which the bracket is attached. 

The length, /, of the stiffeners chosen for the calculations of this analy- 
sis was, in case of the formula for both ends fixed, the actual length of the 
main bar of the stiffener, denoted by J, and the same length was used 
where one end was unbracketed and the other efficiently bracketed, in 
which case the formula for one end free, the other end fixed, was employed. 
In the formula for both ends freely supported, when employed to stiffeners 
bracketed at both ends, the length, /,, was measured between the apices 
of the brackets. This is clearly indicated on the diagrams. This choice 
of length is of course arbitrary, but has been found to lead to a fair corre- 
spondence with the observed results in case of double stiffeners. In com- 
paring the curves it is well to bear in mind that the deflection varies as 
the fourth or fifth power of the length. 

In calculating the moment of inertia of the double stiffeners, the bulk- 
head plating, which is here placed at the neutral axis, has been neglected, 
but in case of the single stiffeners it was found that a certain strip of the 
bulkhead plating ought to be considered as forming part of and as working 
with the stiffeners. If this strip was not included, the curve of deflection, 
calculated for both ends fixed, would, in case of the single stiffeners of the 
United States ships, fall considerably outside the curve for the observed 
elastic deflection even in the largest bulkheads. This does not seem pos- 
sible, for since absolute rigidity in the brackets and in the supporting 
structure can never be secured, we should rather expect the calculated 
curve to fall inside the observed curve. It appears, therefore, that the 
moment of inertia of the stiffeners has been underestimated, but by includ- 
ing a strip of bulkhead plating of a certain width, the moment of inertia 
may be increased so as to make the calculated curve of deflection coincide 
with the observed curve. The width of this strip in the present analysis 
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has been assumed about 8 inches in case of the 12-inch I stiffeners with 
face plate, while, for stiffeners with only one flange and one line of rivets 
on the bulkhead, as in tests 12, 13 and 14, the width is assumed 5 inches. 
(See Plates 30 and 31.) 

We might expect that single stiffeners would behave differently, 
according as the pressure was applied on the same side of the bulkhead 
as the stiffeners or on the opposite side. With the limited number of tests 
that would bring out this point, and which have been at the disposal of 
the author, it has not, however, been possible to arrive at any conclusion 
on this question, especially as some of the results are in this respect 
contradictory. 

In accordance with the considerations concerning the effect of brackets, 
which have been given above, the stresses in the stiffeners have been calcu- 
lated corresponding to the maximum bending moment existing in the free 
part of the stiffener between the brackets. This maximum was found, in 
all the cases here analyzed, near the middle of the stiffener, being here 
greater than at the apex of the brackets. 


c. RESULTS OF THE ANALYSIS WITH DISCUSSION. 


Comparison between double and single stiffeners.—As will be seen by 
an inspection and comparison of the diagrams for double stiffeners given 
on Plates 28 and 29 and those for single stiffeners given on Plates 30and 31 
a very marked difference was found in the behavior of the two kinds of 
stiffeners. In practically all cases the observed curve of deflection of — 
double stiffeners, tests Nos. 1 to 6, corresponded fairly with the curve calcu- 
lated under the assumption that the stiffeners were freely supported at the 
apices of the brackets, and this in spite of the fact that the brackets, fitted 
both at the top and the bottom of the stiffeners, were very substantial. 
In most cases the brackets of the double stiffeners were indeed small, only 
of 18 inches effective height or ;; to jl, and this might be thought to account 
for the great deflection, but even in cases where, as in test No. 6, the 
brackets were replaced by a rigid engine foundation, the deflection was 
still very considerable and approached that of a freely supported stiffener. 

The single stiffeners, where bracketed efficiently, behaved on the other 
hand as if fixed at the ends, showing, relatively, a much smaller deflection 
than the double stiffeners. Considering first the tests Nos. 7 to 11, all of 
which took place in vessels of the United States Navy, the stiffeners are 
provided with large, very efficient 3-foot brackets, but are otherwise of much 
lighter construction than the double stiffeners. The weight per foot run of 
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these stiffeners is in fact only 45 pounds as against 77 pounds per foot run of 
the double stiffeners, and their moment of inertia is little more than two- 
thirds the moment of inertia of these latter. Whether bracketed at both 
ends or at the foot only, a close correspondence is generally found between 
the calculated and the observed curve. On the whole these tests, as well 
as others not here recorded, seem to warrant the statement, that stiffeners 
of the type and spacing here used and bracketed at both top and bottom 
may be expected to behave as fixed at the ends under the assumptions 
here made and within the theoretical stresses to which they have been 
exposed in these tests. 

The cause of the greater efficiency of the single stiffeners must be 
sought in their more rational construction. These stiffeners are constructed 
of single I-bars of great depth with a face plate on the free flange, and are 
connected by two lines of rivets to the bulkhead plating, whereby this 
plating is enabled to work with the stiffener. (See Fig. 4,b.) Having no 
riveted connections, the I-bar itself presents no weakness, and the flanges 
are connected by a solid web. 

By the double stiffeners the connection of the Z-bars along the neutral 
axis is effected by a single line of rather open-spaced rivets, passing through 
four thicknesses (two flanges, one liner and one bulkhead plate). (See Fig. 
4, a.) This connection is ill adapted to resist the great lengthwise shearing 
forces which exist along the neutral axis near the apex of the brackets. 
A small sliding is liable to take place in the plane of the neutral axis, and 
the two stiffeners, which together make up a double stiffener, will then 
to some extent behave as if they were independent of each other. The 
points of inflexion will move nearer to the brackets, and it is not difficult 
to understand that the stiffener will now behave approximately as if free 
to turn about the apex of the brackets. 

This weakness of the double stiffeners was observed already by Wood- 
ward in his tests of the center-line bulkhead of the Illinois. (See Plate 28, 
test No.1.) It was then found, that although the brackets did not show 
any sign of yielding, the permanent set of the stiffeners as well as their 
elastic deflection were excessive, indicating a weakness in the stiffeners 
themselves independent of the bracketing. 

It seems likely that all double stiffeners here analyzed suffer from 
the same weakness as the Illinois’s stiffeners, a too small effective moment 
of inertia, even although a small height of bracket may be in some cases 
responsible in some measure for the great deflection. It is of course 
possible to avoid the weakness here referred to by connecting the bars on 
opposite sides more intimately with each other, for instance by means of 
two lines of closely spaced rivets, but in such case the flanges meeting on 
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the bulkhead must be broader or double, and we shall thus have a great 
accumulation of material at the neutral axis, which is not rational. 

Thus we may say that double stiffeners are less efficient, heavier and 
more expensive than single stiffeners, and to this must be added that double 
stiffeners interfere with the caulking of the seams of the bulkhead plating. 

Single stiffeners should therefore be used in all cases except where 
double stiffeners must be used for some special reason. 

In test No. 12 the load was excessive as evidenced by the great per- 
manent set and by the high theoretical stress, which exceeded the elastic 
limit. The curve for elastic deflection followed, however, also in this case . 
closely the theoretical curve. 

Test No. 13 was on a bulkhead constructed according to the Rules 
of Germanischen Lloyds. The head was also here very great, and the 
brackets were not of an effective type; hence the great deflection, which, 
as shown on the diagram, exceeds that of a freely supported stiffener if 
the length is reckoned from bracket to bracket. By reckoning the length 
slightly greater, 14.75 feet instead of 13.0 feet, the calculated curve of 
deflection may be made to correspond very closely with the observed curve. 
In calculating the stress this case has therefore been dealt with as that of 
a stiffener freely supported at the ends and of a length equal to 14.75 feet. 

In test No. 14, which was on a bulkhead of the Russian Cruiser Bojarin, 
the bracketing was feeble and not connected to a rigid structure. Hence 
the length used in the calculation is here the total length of the main bar 
of the stiffener, but even so the observed deflection exceeds the calculated 
deflection somewhat. This shows the importance of strengthening and 
supporting the inner bottom where brackets are fitted to it. 

Allowing for the reinforcement given by the brackets, the maximum 
stress was, as stated above, found to exist at or near the middle of the 
stiffeners. The stress was calculated first for pure bending, supposing 
the stiffeners to carry the full load on one span. In accordance with the 
above the formula for a freely supported stiffener was used in case of most 
of the double stiffeners, while the formulas for stiffeners fixed at one or 
both ends, in accordance with the system of bracketing, were used in case 
of most of the single stiffeners. Thereafter the stress due to pure tension 
was calculated corresponding to the observed deflection, as explained in 
the Appendix, and added to the stress due to bending. 

It was not found necessary or useful, in determining the stress, to 
apply the complex formulas for combined tension and bending to the tests 
here analyzed. 

The following table gives the results of the calculations :— 


is] 


oO 
isp) 
~ 
o 
isp) 
° 
ist 
fon 


pearasqQ, 
“soqouy 
“m0T} 
“peey 


Bixojal 
‘ssaIqs [BO], 


“soyouy 
| "Jas JueueUTIed paAresqo 
‘Soouy 
‘yout orenbs 
Jad suoy 


-d999p ITYseIa 


AN ANALYSIS OF TESTS OF WATER-TIGHT BULKHEADS. 


-dafep Ise pezEpnojes 
‘your etenbs rad suoy 
mnuUNxeul Jepun ssejg 


‘sulpueq 92ing 
‘moIsue} 21nd 


‘a[sue pasioAel WIM 
+6 9° Lz SL-z oe ISOLA frre Om CSI del} spua qjJOg |Jeq-jeuNeYys,99°g ‘a[JsDIS | +1 
“req 
1'S1 L: 6+ oS -z 9° bz SHrTAL \jonogon.0 val] spus qJog | -JeuueyD {Pfr -asmIG | C1 
E ‘201] pue 
z'Sz £:6 ob v-bz 06 JaMQ] ‘pexy pueteddy |‘ 1eq-jauueys ,9 ‘a[80IG | zx 
“pexy pus 
8°91 b19 o+ £g°s oS Sz | 1aMoy ‘9015 pues Joddq II 
cir b19 ov ££°9 Gare |jrocore pexy spus yjog OI 
Lei1 b 19 o'r ays Aorcig —|]90590 9 axy spus 40 eyed) soy gatas 
eee paxy pu — [224-1 .2% 2uO aut eC 
Ley 19 ot 00°0 L1°9z | saMmoy ‘2015 pue iaddQ 8 
£*o1 b-19 or oS 6 CL%r44 ||onoHe pexy spus q0g L 
L°S1 9°6L o'r zh or (YOPGE |jpoesoco dalj Spus 40g 9 
Ler L°36 or Soorr SHA PIS) GS NISC ORO C dal} spue 40g *sIouaytys S 
3a} JO yj8ue] 211}00 
beer L-36 oF Loo1 GEgite lpi cass aalj spuo jog |} a4} soxe[d aoey pue + 
so[sue pesIaAd] VIM 
bez z 66 oF 9L'6 LsS(sye 09.9000 o aa1J Spus q}0g || sieq-7 ,9OM], ‘2IJqnoq]|} € 
o'€1 SULT, ov 10°F ESP, fjoceooae delj spue T0g Zz 
‘m10}}0q pue 
do} j3e sieq pasiaAay 
+61 TMOG o'r gl-z Ql°cc |*** > -* paxy spua 40g | ‘sI¥q-7 ,QOM], ‘a]qnoq I 
n wn wD fae} ial 
mira | 8 if g g 
o8y =o i=} [ov oq 
=} no le} fos 
wu a. 8 2 > = 
ee 8 e Sg = 
Gwe oF & Q< o : 
Bg 5 g e =O fas “HOI}Ipuos peuinssy ‘Jouayys jo adéy, fae 
= e es 
ao SIS GPS 
Bo. a 
a8 I 
ons 2) ¢. 
emer i 


94 


“SNOLLOAIMAG GNV SHSSHYLS JO AIAV, 


AN ANALYSIS OF TESTS OF WATER-TIGHT BULKHEADS. 95 


It will be seen from this table, that for the double stiffeners of the 
type here tested it would be safe to allow a stress of 12 tons per square inch 
if same assumptions are made as in the present calculations. 

For single stiffeners a permissible stress in pure bending of 10 tons 
per square inch has been chosen, and this figure has been used as basis 
for the accompanying tables. As seen from the table of stresses, tests 
Nos. 11 and 12, where the stiffeners were fixed at one end only, much higher 
stresses may be reached without any breakdown taking place, but it will 
be noticed that the permanent set is considerable in these cases, and it 
appears preferable to bracket both ends and to allow only the more moderate 
stress. It is argued that since stiffeners so constructed have proved them- 
selves to be not only safe but to have a very small permanent set, we shall 
arrive at a satisfactory construction of stiffeners in the design of new bulk- , 
heads, even if of very different type, if we make similar assumptions, and 
if we keep within the stresses found in the present analysis. 


III. GENERAL RULES FOR THE CONSTRUCTION OF WATER-TIGHT BULKHEADS. 


While the following rules are essentially a résumé of the foregoing, 
they are based also largely on tests, experience and practise, which space 
does not permit to reproduce or discuss in this paper. Among the material 
drawn upon may be mentioned a great number of tests, too incomplete 
or of too complex a nature to permit an analysis, and further the current 
practise of various foreign navies and the rules of the Classification Societies. 

The rules here given apply only to ordinary water-tight bulkheads, 
not to deep tank or to oil-tight bulkheads. 

1. A pure system of uniformly spaced vertical stiffeners and horizontal 
strakes of plating should be used, except where the horizontal extension 
of the bulkhead is smaller than its height, and where at the same time 
the brackets of horizontal stiffeners can obtain a rigid attachment, in which 
case a pure system of horizontal stiffeners should be used. This last con- 
dition is fulfilled only in few cases, such as in collision bulkheads. In the 
majority of bulkheads vertical stiffeners are the most efficient as far as 
strength under water pressures is concerned. 

2. The thickness or weight per square foot of the plating may be deter- 
mined on the basis of its depth below or its height above the water-line, 
which corresponds to the deepest draught to which the ship may reasonably 
be assumed to be immersed in damaged condition. As a general rule it 
is proposed to make the weight of the strake immediately below this water- 
line not less than 7 pounds per square foot, and to add one pound for each 
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additional 4-feet depth or 3 inch for each additional 5-feet depth. For 
plating above this water-line the weight should be decreased at the same 
rate. The thicknesses determined by this rule should be considered as 
minimum thicknesses, and must in many cases be increased to provide 
for corrosion, for general or local structural strength, or for the forces to 
which the plating may be exposed by the stowage of cargo. 

Below the normal load water-line both butts and seams should be 
double riveted. 

3. The stiffeners should be single, 7. e., each individual stiffener should 
be placed on one side of the bulkhead only. On all stiffeners of any impor- 
tance a face bar or a reversed bar should be fitted on the free flange so 
as to balance as nearly as possible the strip of the bulkhead plating, which 
_ may be assumed to work with the stiffener. 

A more efficient solution could be obtained with bars of sections as 
indicated on Fig. 5, where one flange is heavier than the other. 


FIG. 5. 


ye 


(ata a PLATING. 


This would obviate the necessity for face plates or reversed bars, but 
it is a question whether such bars could be rolled without too great extra 
cost. 

With the thicknesses of plating recommended above, the spacing of the 
stiffeners should not exceed 4 feet. ‘The stiffeners should all be placed on 
the same side of the bulkhead. ; 

4. The stiffeners should be provided with efficient brackets both at top 
and bottom, constructed as indicated on Fig. 1, c by splitting the main bar 
of the stiffeners, whether I, J], L bars or bulbs. The face plate, if any, 
should be continued the whole length of the bracket and should have a 
good end connection. ‘The height and width of the lower bracket should 
be about three times the depth of the stiffener, but in no case should the 
height fall below one-tenth of the length of the stiffener. The sides of 
the upper bracket may be about ten per cent. shorter than those of the 
lower bracket. 

The brackets should be attached to a rigid part of the ship’s structure, 
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such as a floor plate, a longitudinal or a deck beam, or else reinforcements 
must be introduced. 

5. The bounding angles in all important bulkheads should be double 
up to a height of about 5 feet below the load water-line. 


EXPLANATION OF BULKHEAD TABLES I AND II. 


The use of these tables is recommended only in case the bulkheads 
are constructed in accordance with the above rules. 

As basic arguments of the tables are chosen the length of the stiffener, 
l, and the head of water above or below the top of the stiffener, h, both 
measured in feet. 

With the construction of brackets here proposed 1 may be taken equal 
to the entire height of the bulkhead except where, as may occur in a longi- 
tudinal bulkhead, the stiffeners are bracketed to deck beams, in which case 
1 should be measured from the underside of the beams. In any case 1+h 
is the total head at the foot of the stiffener, and it is assumed that the 
stiffener is unsupported except at the ends. 

The value of h should be chosen so as to correspond to the deepest 
draught to which the ship may presumably be immersed when in damaged 
condition. This draught should be chosen with due regard to type and 
size of ship, and to the longitudinal and transverse location of the bulkhead, 
for if placed near the ends or near the sides it may become subject to greater 
heads than when placed near half length or at the center-line of the ship. 
Regard should also be had to the fact that the water in a flooded compart- 
ment may be put in violent motion when the ship is pitching and rolling. 

Assuming the bulkheads to be constructed in accordance with the 
above rules, the section modulus required for stiffeners with different given 
values of J, h and s (span) has been calculated as follows:— 

Let the total load on one stiffener be denoted by P, then— 


= 2 (1+ ) 1 tons, 
5 2 
12} 


where h, 1 and s are in feet. The bending moment is taken equal to —, 
24 


which is very approximately the maximum near the middle of a stiffener 
fixed at both ends and under all conditions of loading. With brackets of 
the height required by above rules this maximum will be the absolute 
maximum everywhere in the free portion of the stiffener between the 
brackets. (See Fig. 3.) We obtain thus:— 
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l 
FOES (h+5)Ps a) 
4y¥. 24 70 inch-tons, 


and the required section modulus— 


l 
pape Cees 


S , 
J) 700 


taking the permissible stress, /, equal to ten tons per square inch as explained 
above. 

If the top of the bulkhead is h feet above the water-line of deepest 
immersion, the maximum bending moment may still be reckoned equal to 


zal but now— 
25 


P= — (l—h)? tons, 
7O 


and hence— 


5 _ Cams 
1400 — 


The section moduli so determined are given in Table I for a series of values 
of 1, h and s ranging between the extremes of present practise. 

In Table II are given the section moduli of several series of different 
types of stiffeners, both with and without face plates or reversed bars. 
Since the value of f, which enters in the calculation of S in Table I, has 
been chosen under the assumption that the bulkhead plating contributes 
to the strength of the stiffener, the same assumption has been made in the 
calculation of S as given in Table II. In general a strip of bulkhead plat- 
ing of about same sectional area as that of the flange which is attached 
to the bulkhead has been assumed to work with the stiffener. Where a 
face plate is added to the free flange of the stiffener, it has likewise been 
given about the same sectional area as the flange so as to balance approxi- 
mately the hypothetical strip of bulkhead plating. Thus the neutral axis 
of a stiffener with face plate will come to lie theoretically at the middle 
of the web of the bar, 
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The bars given in Table II are partly those manufactured by the 
Carnegie Steel Company, partly the Standard British Sections. 

The use of the tables is simple. Corresponding to the given values of 
l, h and s, the required section modulus is found from Table I, and the 
most appropriate stiffener can then readily be selected from Table II. 

In Table I is also given the thickness of the bulkhead plating, the 
figures referring to the upper and lower strakes. Intermediate strakes 
should in general be increased one pound or 3 of an inch for each strake 
going downward, depending of course on the width of the strakes. 

Plate 32 shows the application of the tables to some typical bulkheads. 

In concluding this paper I wish to acknowledge my indebtedness to 
the successive Chief Constructors of the United States Navy: Rear-Admiral 
F. T. Bowles, Rear-Admiral W. L. Capps, and Rear-Admiral R. M. Watt, 
for having so generously placed at my disposal, during the last eight years, 
the results of bulkhead tests carried out in the United States Navy, and 
for having permitted their publication. 

To Mr. Henry H. W. Keith, S. B., and to Mr. K. T. Blood, S. B., of 
the Massachusetts Institute of Technology, my thanks are due for their 
assistance in the comprehensive numerical and graphical work involved in 
the paper. 
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ate ee APPENDIX. 
NOTATION. 


w =The load on the stiffener. For salt water and for a span of s feet: 
w= 645 lbs. ae tons per foot run and per foot head. 


h =Head of water at top of stiffener. 

C =Length of stiffener. 

p =Pressure per unit length of the stiffener at any point, distant x from 
the top: p=w (h+x). 

P,=Horizontal component of the supporting forces at the top of the 
stiffener, A. 


P; =Horizontal component of the supporting forces at the bottom of the 
stiffener, B. 


Mx =Bending moment at any point at a distance x from the origin. 

T =Tension in stiffener. net 
A =Sectional area of stiffener. 

I =Moment of inertia of stiffener. 

E =Modulus of elasticity. 


FORMULAS FOR THE CASE WHERE THE LEVEL OF THE WATER IS BELOW 
THE Top OF THE STIFFENER. 


I. STIFFENER FREELY SUPPORTED AT THE ENDS. 


FIG. 6. 


Let the water level be at a distance AF =h below the top of the stif- 
fener, and let us deal first with the lower portion of the stiffener FB. 

Take origin at A and consider a point Q, distant x from A and x—h 
below F. Taking moments about Q— 
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Ley = w(x—h)? 
Mx=El— EA oprecae (1) 
ae jee Pax? , wie—h)? +C, (2) 
dx 2 24 


and 


Bly oy w(«%—h)> 


120 


aL (C5642 (Ce (3) 


For the upper portion of the stiffener AF— 


We ee (4) 
dx? 
2 dy _ 2 , 
2. EIS = —4Pix?+C, (5) 
dx 


but since 2 must be the same at the point F both in (2) and (5), we find 
C,'=C,. 
Integrating (5) :— 
Ely=—tP.x + Gx + Cl’ =) 


and since y must be the same in (3) and (6) when x=h, we find C,’/=C,, 
and from (6) since y=o when x=o0: C,=o0. 
When x=/, Mx =o, hence from (1)— 


nwla)): 


ep. Al (7) 
When +=], y—o, .;. from ()— 
ee |) (8) 
3 10 
Thus we obtain:—Above /— 
ME eae (9) 


Oy JE P Var 5 
ee 2 [; 10 | ce 
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Ely=—*Ax0 +2a[F— —— = (11) 
Below F—- 

Vee =P | (12) 
EY — ple Pu. w(x —h)* han -- ; _e& oe (13) 

dx 2 24 
slips _ Pais, wah)? , Pa EGS (14) 

6 120 213 10 

. Py= 3w(l—h)’—P, (15) 


2. STIFFENER FIXED AT BOTH ENDS. 


The solution follows the same lines as in case 1, and therefore only 
results shall here be given:— 


Above F— 
Mx=M,—Pax (16) 
_w(l—-h)* _w(l—h)° 
Ms 12] 201? C2 
_wil—h)* _w(l—h)* 8 
Ps 4? 10/3 ce) 
EIY— = Myx—4Pyx? (x9) 
Ely=4M,0?—tP,x (20) 
Below F— 


w(x—h)3 


2 


24 
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fat _ wae h)°> 


1 
Ely=} Mx — = 


(23) 


_ w(l—h)? Li@U=)) 7 AUaD 
M;3= eran [ :0 are aa Ss | 
P,=4w(l—h)?— 


(24) 


FORMULAS FOR TENSION AND BENDING COMBINED. 
[Supplement to Appendix IIB, page 427 of the Transactions, 1909. ] 
(a) DETERMINATION OF THE TENSION, T. 


Let us suppose that we know the maximum deflection of a stiffener 
either from a test of the bulkhead or from calculation under the assumption 
of simple bending. If, now, we knew the formula for the true curve of 
deflection, we could determine the tension corresponding to the elongation 
of the stiffener, assuming of course that the supports are absolutely fixed. 

Since we do not know the actual curve of deflection, it is proposed to 
use in its stead the curve for pure bending with same maximum deflection. 

In order to show that it is permissible to use this approximation, we 
shall first determine the relation between T and the maximum deflection, 
6, when a stiffener is under a uniform load, p, per unit length. 


First Case—Elastic Stiffener. Ends fixed (curve o, fig. 7). 


FIG. 7 
CURVES OF DEFLECTIONS. 
A 


Taking origin at O, the middle of the stiffener in its deflected position, 
the equation to the curve of deflection is— 


uta —x) 
v= ales (1) 
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oi Cies 2 
= a 
“dx SE JE meee 


The equation for elongation is:— 


Hef dy pl 
(Je TOR OBIE 


from which— 


Ap’ls (2) 
0 05 X 576EF s 
From (1)— 
N= pl 
oF err . (3) 
From (2) and (3)— 
256 AKO? 02 


Second Case—Elastic Stiffener. Ends hinged (curve 1, fig. 7). 


The equation to the curve of deflection is here— 


~ 7) ee i 
y= fb “) (5) 


and proceeding as in first case, the elongation furnishes a value for the 
tension :— 


ee ep (6) 
128 X 315EP 
> 5pl* 
b 384E1 (7) 
From (6) and (7) — 
Hee __ 2176 AEo? pets eyo (8) 


ie IR P 
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Third Case—Elastic String (curve 2, fig. 7). 


This case is given because it furnishes an outer value of the elongation 
and hence of the tension for a given maximum deflection. As explained 
in last year’s paper (Appendix II, page 422), we have here:— 


aD. 
ai (9) 
which gives— 
225 E 
== p AE (10) 
24 
= (x1) 
whence— 
2 
2 2.6 AES (12) 


Comparing now the three values of T as found by (4), (8) and (12) 
we see that T, is about seven per cent. greater than 7, and 7, about two 
per cent. greater than 7). 

The actual curve of deflection when tension is included will, for a given 
value of 0, both in the first and second cases, fall somewhat outside the 
respective curves for pure bending o and 1, and in case of stiffeners with 
very small moment of inertia the actual curve of deflection will approach 
curve 2, which gives the absolute maximum value of the tension. (See 
IBS 9/3) 

With the stiffness usually possessed by bulkhead stiffeners the curve 
of deflection for a given value of 6 will probably always fall very near the 
curve for pure bending, and we may therefore assert that the tension, as 
determined by (4) and (8) on the basis of a given deflection, is not likely 
to differ more than a few per cent. from the true value in all ordinary cases. 

As shown on Fig. 8 the curve of deflection for a certain increasing load 
is very nearly of same length as that for the same uniform load, being 
inside the latter curve at the upper part and outside at the lower part. 
For combined uniform and increasing load the curve of deflection is inter- 
mediate between the two first named curves. We may thus without 
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sensible error use the above formulas for T, and T, not only for uniform 
load but also for increasing load and for combined uniform plus increasing 
load. 


FIG. 8. 


DEFLECTIONS. 
P, = UNIFORM LOAD. 
P, - TRIANGULAR LOAD. 


Ro 
ENDS FREE. ENDS FIXED. 


(b) FORMULAS FOR DEFLECTION, BENDING MOMENTS AND SUPPORTING 
FORCES. 


Having thus determined T independently, we may without undue 
complications use more perfect or complete expressions for y, M and P than 
were given in last year’s paper:— 


I. STIFFENER AA FIXED VERTICALLY AT BOTH ENDS AND LOADED BY A 
UNIFORM LOAD wh=p. 
Referring to last year’s paper, Appendix II, page 427, we may now 
avoid the expansion of the exponential functions, since n= can be 
determined at once. 


Let nl =a nl al 
e2+e 2=a and e2—e 2=8 


we then obtain :— 
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jaw EL Se 

—2Tl4a ng ] (14) 
meee) 

Mo=", ai (15) 
ye Ue 

Ma waa (16) 

P,=4pl. (17) 


The value of T here used is denoted above as Ty and determined by 
equation (4). The value of Mx is as given in last year’s paper, page 427. 


2. STIFFENER AB FIXED VERTICALLY AT BOTH ENDS AND LOADED BY A COM- 
BINED UNIFORM AND INCREASING LOAD. 


p=w (h+x). 


Referring to last year’s paper, Appendix II, page 431, we cannot here 
retain the exponential terms without obtaining very cumbrous expressions, 
but in order to obtain greater accuracy than was the case in last year’s 
paper, the expansion of the exponential terms has been carried to the sixth 
power. In fact, it has been found that expansion to the fourth power is 
not, as stated in last year’s paper, ae sufficient. We then obtain the 
following expressions :— 


1 aU ere auaee n)at+ cues ales a 
al GE ambi ue el WoET 


M,T T 
+ (™@ toh) - (x8) 


ee 


ue on 


5h + 21+ 3hk 


oro rer ae (19) 


(20) 


_ wl (5h+314+ 3hk + 5kl 
Mi 
12 5+ 4k 


P _ wl 10h +31+kl+8hk 
Ree ct 


4 5+ 4k ee 
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Pz=whl+4 w?—P, (22) 
Mx=Ma+Ty—Px + $whx? + dwx?. (23) 


The value of T used in this case is again that denoted by 7,, deter- 
mined by equation (4). 


Numerical Example—To Determine Tension, Deflection, Stresses, etc., im 
Stiffener No. 62 of C. L. B. H. Illinois, Test No. 1, Plate I. 


1=22.16 feet, h=2.76 feet, w= ; ton per foot run per foot head. 

A=8.44 square inches, J=128 (in.)? square inches, E=13,170 tons per 
Square inch. 

The elastic deflection was measured :—éd=1.38 inch. 

Considering the stiffener fixed at both ends we find from (4) :— 

it 6? ; 
A Ee = .86 tons per square inch. 

Hence T=7.23 tons. Further k= .0253. 

If we reckon the bending moment at the middle of the stiffener = 
5(P,+P,)l we find 14=389 inch-tons, which would give the maximum 
stress due to simple bending:—f=19.4 tons per square inch, to which the 
tension .86 tons per square inch should be added. 

Using the complex formulas (18), (19), (20), (21), (22) given above for 
combined tension and bending we find the results given in the first column of 
the following table, while the second column gives the results for simple 
bending. 


Tension and bending Simple bending. 
combined. 
y maximum.......... .99 inch. 1.02 inch. 
MViliereacuse acy searcrstelion ie 641 inch-tons. 652 inch-tons. 
i Vinee encom cocraecs 916 inch-tons. gor inch-tons. 
PINY teers qateucveheiotet Reteions 11.8 tons. 11.9 tons. 
(Oe opomoceono ooo nO 6 23.3 tons. 23.2 tons. 


It is seen that the difference between the results in the two columns 
is insignificant in this case, although the deflection is greater than usual 
and the stiffener has been strained beyond the elastic limit. In general, 
therefore, we may use the formulas for simple bending and to the stress 
so found we may, if desired, add the tensional stress determined as explained 
above by means of the observed or calculated deflection. 
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TABLE II. 
CARNEGIE STEEL COMPANY’S SHAPES. 
I-BARS. 


Section modulus. 


Size. Thickness | Weight per | Dimensions of 
of web. foot run. face plate. Without With 
face plate. face plate. 
Inches. Inch. Pounds. Inches. Sq. in. X in. Sq. in. X in. 

5 X3-00 X3.00 210 9-75 4Xte 5-5 10.5 
5X3-15X3-15 -357 12.25 4X 6.5 12.3 
5X3 -29X3.29 504 14-75 4X i's 7-4 14.0 
6X3 -33X3-33 230 12.25 5x 8.4 17.8 
6X3-45X3-45 -352 14-75 5Xr¥s 9.6 20.2 
6X3-58X3.58 -475 17.25 5x4 10.8 22.6 
7X3.66X 3.66 250 15.00 5x 11.8 22.5 
7X%3-76X3-76 +353 17.50 5X15 13.1 25-3 
7X%3.87 X3.87 -458 20.00 5x4 14.5 28.1 
8X4.00 X4.00 270 18.00 6x} 16.1 31.0 
8X4.09X 4.09 -357 20.50 6X73 V7hv/) 34.8 
8X4.18X4.18 -449 23.00 6X4 19.2 38.4 
9X4-33X%4-33 290 21.00 6X 21.2 SU /07/ 
9X4.45%4.45 -406 25.00 6X5 23-5 42.3 
9X4.61X4.61 .509 30 .00 6x4 26.7 47-5 
10X4.66X4.66 310 25.00 7X# 27.4 49.0 
10X4.81X4.81 -455 30.00 7Xvs 30.9 55.0 
10 X4.95 4.95 -602 35 00 7X4 34-5 62.0 
I0X5.10X5.10 -749 40 .0O IX 38.1 68.0 
12X5.00X5.00 +350 31.50 8x 40.3 70.0 
12X5.00X5.00 -350 31.50 8X 40.8 76.0 
12X5.09X5.09 -436 35.00 8X5 43-5 77-0 
12X5.09X5.09 -436 35 .00 8x4 44.0 83.0 
12X5.25X5.-25 -460 40 .00 8x4 51.0 89.0 
12X5.25X5.-25 -460 40.00 8X5 51.0 95-0 
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TABLE II.—CaRNEGIE STEEL ComMPANY’s SHapES—Continued. 


I-BARS—Continued, 


Section modulus. 


Size. Thickness | Weight per | Dimensions of 
of web. foot run. face plate. Without With 
face plate. face plate. 
Inches. Inch. Pounds. Inches. Sq. in. X in. Sq. in. X in. 
12X5-37X5-37 -576 45.00 8X15 55.0 98.0 
12X5.37X5.-37 -576 45.00 8x2 56.0 103.0 
12X5.49X5.49 .699 50.00 8x 59.0 106.0 
12X5.49X5.49 .699 50.00 8xit 60.0 III .0 
15X5-50X5.50 -410 42.00 8Xq% 66.0 108.0 
15X5-55X5-55 -460 45.00 8x4 69.0 117.0 
15X5-65X5.65 -558 50.00 8X7 74.0 128.0 
“ECS 7g5 675 -656 55.00 | 8X 80.0 138.0 
15 X6.00 X6.00 590 60.00 8X 1% 91.0 143.0 
15 X6.10X6.10 -686 65.00 8Xz- Rocko 153.0 
15 X6.19X6.19 -784 70.00 8x }t 102.0 164.0 


Nore: A strip of bulkhead plating of the 


with the stiffeners. 


same sectional area as the face plate is assumed to work 
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TABLE II.—CARNEGIE STEEL COMPANY’S SHAPES.—Continued. 


Without reverse bar. 


Z-BARS. 


With reverse bar. 


Thickness 


Weight 
per 
foot run. 


Section modulus. 


Size of 
reverse bar. 


Weight 
per 
foot run. 


Section modulus. 


Inches. 


Pounds. 


Sq. in. 


Inches. 


Pounds. 


Sq. in. X in. 


4X 310X315 


4X3ieX 31 
4X3i5 X3 ts 
5X3t X3t 
5X3t X3t 
5X3t X3t 
6X3k X3 
6X34 X34 
6X3k X3h 


19.4 


Nore: A strip of bulkhead plating of 1.25 sq. in. area is assumed to work with the stiffeners. 


SHIPBUILDING CHANNELS. 


Section modulus. 
Size Thickness | Weight per 

of web. foot run. Without With 

face plate. face plate. 

Inches. Inch. Pounds. Sq. in. X in. | Sq. in. X in. 
6X3-50X3.50 -35 15.0 9.5 15.4 
7X3-45X3-45 “45 20.9 14.7 23.3 
8X3.50X3.-50 +50 23.8 18.3 28.2 
9X3-.80X3.80 -45 28.6 26.4 42.4 
10X3.38X3.38 -38 21.8 20.8 31.7 
10X3.50X3.50 -50 27.2 25.1 37-4 


Note: A strip of bulkhead plating of sectional area equal to that of the flange 
attached to the bulkhead is assumed to work with the stiffeners. Face plates are 
assumed to have the same width and thickness as the flange. 
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TABLE II. 
BRITISH STANDARD SECTIONS. 
LLoyp’s RULES 1909-10. 

CHANNELS. 


Correct standard profile. 
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Maximum web thickness. 


‘Thickness. 


Section modulus. Thickness. Section modulus. 
Size. Size. 
Without With Without With 
Web. | Flange. | face plate. | face plate. Web. | Flange. | face plate. | face plate. 
Inches. Inch.| Inch. | Sq.in. Xin.) Sq.in. Xin. Inches. Inch. | Inch. | Sq.in. Xin.| Sq.in. Xin. 

6.0X3.0X3.0 -375 -475 10.0 16.0 6.0X3.2X3.2 575 475 II.5 17.6 
6.0X3-.5X3-5 | -375 475 it 53} 18.5 6.0X3.5X3.7 575 475 1023 3} 20.1 
7.0X3.0.X%3.0 | .375 -475 12.58) 19.4 Te ODN See sie 575 475 14.3 21.4 
7.0X3.5X3-5 | -400 - 500 14.3 23.1 7-0OX3-7X%3-7 600 500 16.4 25.3 
7-5X3-0X3.0 | .400 500 14.1 23.5 SOK Bo 2K G02 600 500 16.5 26.1 
7-5X%3-5X%3-5 400 500 15-9 25.4 Wome Seo PS So7 600 500 18.3 27.8 
8.0X3.0X3.0 400 500 15.0 23.5 8.0X3.2X%3.2 600 500 18.1 26.7 
8.0X%3-5X3-5 | -425 525 18.2 28.7 8.0X3.7X3.-7 | -625 525 
8.0X4.0X4.0 450 550 21.0 33.8 8.0X%4.2X4.2 650 550 
8.5X3.0X3.0 425 525 17.6 27.0 Bo F<GeBK 308 625 525 
8.5X3-5X3-5 | -450 55° 20.3 32-1 8.5X3-7X3-7 | -650 55° 
9.0X3-5X3-5 | -450 559 22.2 32-5 9-0X3.7X3-7 | -650 559 
9-0X4.0X4.0 | .475 575 23-4 38.6 9-0X4.2X4.2 | .675 575 
9-5X%3-5X3-5 | -450 559 23-9 37-1 9-5X3-7X3.7 | -650 55° 
10.0X3.5X3-5 | -475 |° -575 26.8 AI.1 10.0X3.7X3.7 | -675 575 
10.0X4.0X4.0 475 575 29.6 46.3 10.0X4.2X%4.2 675 575 
10.5X3-5X3-5 475 575 28.7 43-7 10.5X3-7X3-7 | -675 575 
Il.0X3-5X3-5 | -475 575 30.6 46.4 I1.0X3.7X3-7 | -675 575 
Il.0X4.0X%4.0 500 600 35-2 54.0 Il.0X4.2X4.2 700 600 
IL.5X3-5X3-5 500 600 34.0 51.0 Il.5X3-7X3:7 700 — 600 
12.0X3-.5X3-5 | -500 600 36.1 54.0 | 12.0X3-7X3-7 700 600 
12.0X4.0X4.0 525 625 41.2 63.0 12.0X4.2X4.2 725 625 
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TABLE II].—BRITISH STANDARD SECTIONS.—Continued. 
LLOYD'S RULES 1909-10. 
BULB ANGLES. 
Correct standard profile. Maximum web thickness. 
| 
Thickness. Thickness. 
Sie. Saul OF aa 
Web. Flange. Web. Flange. 
Inches. Inch. Inch. Sq.in. Xin. Inches. Inch. Inch. Sq.in. Xin. 
5-5X3-0 +350 350 4.8 5-5X3-2 -550 -450 6.6 
6.0X%3.0 -375 +375 5-8 6.0X3.2 ~575 -475 8.0 
6.5X3.0 +375 +375 6.8 6.5X3.2 -575 -475 9.2 
6.5X%3°-5 - 400 400 77] 6.5X3-7 -600 +500 9.8 
7.0X3.0 -400 400 8.4 7-0X3.2 -600 - 500 II.1 
7-0X3-5 -425 +425 8.9 LOK 07 625 +525 11.8 
7-5X3.0 -425 +425 10.0 7-5%3.-2 -625 +525 13.5 
7-5X%3-5 +425 +425 10.5 7-5X%3-7 625 +525 13-7 
8.0X3.0 -425 -425 11.6 8.0X3.2 -625 +525 14.9 
8.0X%3-5 +450 -450 Tere 8.0X3.7 -650 +550 15.8 
8.5X3.0 -450 «450 13.8 8.5X3.2 .650 +550 17.3 
8.5X%3-5 475 475 14.4 8.5X3-7 -675 +575 18.5 
9.0X3.0 475 +475 15.6 9.0X3.2 -675 -575 20.5 
9-0X3-5 -475 475 16.2 9:0X3-7 -675 +575 20.5 
9-5X3:-5 +500 -500 19.0 9-5X3-7 7OO -600 23er7) 
10.0X3-5 +525 +525 21.5 10.0X3.7 +725 -625 27.0 
10.5X3-5 -550 .550 24.6 10.5X3-7 -750 -650 31.3 
Il.0X3.5 -550 +550 26n7) Il.0X3.7 -750 -650 33-4 
II.5X3-5 .600 600 31.9 II.5X3-7 800 .700 39.0 
12.0X4.0 .600 .600 35-3 12.0X4.2 800 -700 42.8 
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TABLE IJ.—BRITISH STANDARD SECTIONS—Continued. 


LLOYD'S RULES 1909-10. 
COMMON ANGLES. 


Minimum thickness. Maximum thickness. 
Size. 
Thickness. | Section modulus.) Thickness. | Section modulus. 

Inches. Inch. Sq. in. X in. Inch. Sq. in. X in. 
3.0X2.0 -250 -65 -375 1.0 
3.0X2.5 -250 | -68 +375 1.0 
3.0X3.0 +250 | .69 -375 | Teg 
3-5X3-5 +250 -89 -375 1.4 
3-5X%3.-0 +250 | +92 375 1.4 
4.0X%2.5 .250 | 2 -375 17 
4.0X3.0 -250 Tey) -425 2.0 
4.0X4.0 = 300 65} -425 Boi 
4.5X3.0 . 300 1.8 +425 2.5 
5-0X3.0 -300 Dre -425 3.0 
5-0X3-5 -375 2.7 -450 3-3 
5-5X3-0 +375 3-2 .500 4.3 
5-5X%3-5 -375 3-3 +500 4.4 


Nore: In all cases [channels, bulbs, and angles], a strip of bulkhead plating of 
sectional area equal to that of the flange attached to the bulkhead, has been included 
in calculating the section modulus. Face plates are assumed to have the same 
width and thickness as the flanges to which they are attached. , 


DISCUSSION. 


PROFESSOR Cec, H. PEABopy, Member of Council:—I had been hoping that 
some other member of the Society would discuss this paperof my colleague, Professor 
Hovgaard. There are some complimentary things that should be said concern- 
ing it that might come more gracefully from another, but perhaps I may be allowed 
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to say that we are to be congratulated on receiving a paper of so much importance 
and value. 

I want to ask a question concerning a statement in the middle of page g1 to 
the effect that ‘In practically all cases the observed curve of deflection of the 
stiffeners, tests Nos. 1 to 6, corresponded fairly with the curve calculated under the 
assumption that the stiffeners were fairly supported at the apices of the brackets, 
ete.’’ I wish to ask whether, in Professor Hovgaard’s opinion, this may not be 
in part due to the fact that the stiffeners are not adequately secured at the neutral 
axis, because longitudinal slipping would produce an effect like that due to insuffi- 
cient fastening of the ends of the stiffeners. 

I desire, not as a criticism of this paper, but on general principles, to object 
to the use of the word “‘stiffeners’’ in connection with a discussion of the strength 
of bulkheads. Though I appreciate that there is difficulty in changing an ac- 
cepted technical name, in this case I believe the use of the term ‘‘stiffeners’’ has led 
to losses of ships that might now be afloat had the designers and inspectors of 
those ships appreciated what this paper shows, namely, that the framing of the 
bulkhead is in a sense the bulkhead ; the plating is only a water-excluding membrane. 
The use of the word like “‘stiffeners’’ infers that the plating of the bulkhead should 
be capable of excluding water and that it needs only stiffening to enable it to do so. 


PROFESSOR HovGaarRD:—In answer to Professor Peabody’s question I would 
say that I consider the fact that the double stiffeners behaved as if free to turn 
about the apices of their brackets as largely accidental, and without any deeper 
significance. It simply shows that stiffeners so constructed deflect more than 
might be expected if regard is had to their bracketing, and it shows in particular, 
that such stiffeners are less efficient than single stiffeners. If the riveting along 
the neutral axis had been more efficient, if, for instance, there had been two closely 
spaced lines of rivets connecting the flanges on each side of the bulkhead instead 
of one openly spaced line, the double stiffeners would probably have shown much 
less deflection and perhaps have behaved as did the single stiffeners. I do not, 
therefore, propose to base any rule or general conclusion on the experience with 
double stiffeners other than that such stiffeners should not be employed except 
where unavoidable, and that they should then have a better connection along the 
neutral axis. 


THE PRESIDENT:—Is there any further discussion? If not, I will express 
in your behalf our thanks to Professor Hovgaard for a very interesting paper and 
we will pass to the reading of the next paper, entitled, “‘Coaling Warships from 
Colliers,’’ by Mr. Spencer Miller, Member. 


COALING WARSHIPS FROM COLLIERS IN HARBOR. 
By SPENCER MILLER, Eso., MEMBER. 


eae at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, 1g910.] 


Commander A. P. Niblack, U.S. N., said before this Society in 1893 :— 

“Coal supply and rapid coaling are very important factors in efficiency, 
not only in an emergency but in time of peace, for the time spent in coaling 
ship is time wasted.’’* 

One of the United States colliers (purchased during the Spanish- 
American war) discharged with its own gear from its four hatches 1,200 
tons of coal in ten hours, 120 tons per hour or 30 tons per hour per hatch. 
About 100 men were required to fill the coal bags in the hold. For a single 
hour 50 tons of coal per hatch may be discharged by such means. 

In contrast to this the U. S. Navy collier Hector discharged 190 tons 
of coal from one hatch in one hour, employing a self-filling bucket operated 
by two men. This means a great saving in manual labor as well as a 
saving of time. The importance of reducing the labor of coaling in time of 
war is apparent to everybody. 

Our (United States) Navy Department began a few years ago to build 
colliers from their own designs or prescribed characteristics. The first two 
were the fleet colliers Vestal and Prometheus, both 16-knot ships, carrying 
6,400 tons of coal each. Next were the Mars, Vulcan and Hector, sister 
ships, with 12 knots speed and 7,200 tons carrying capacity. The colliers 
Cyclops and Neptune, now under construction, will have 14 knots speed 

-and carry 12,500 tons of coal each. All of these colliers, excepting the 
Cyclops, carry a novel form of coal-discharging gear known as the Marine 
Transfer. The Cyclops will discharge its coal by self-filling buckets but 
with a different operating system not described in this paper. 


THE MARINE TRANSFER ON THE COLLIERS VESTAL AND PROMETHEUS. 


The collier Vestal (Figs. 1, 2 and 3, Plates 33 and 34) was built at the 
New York Navy Yard. The Prometheus, a sister ship, was built at the 
Mare Island Navy Yard. Each ship has eight hatches. Between each pair 
of hatches is a tall, vertical spar carrying four steel booms for the Marine 
Transfer and two for other service. Grouped about the base of each mast 

*“Coal Bunkers and Coaling Ships.” 
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on deck in a very contracted space are four specially designed winches, 
each provided with two independent metallic friction drums. The winches 
have double 84-inch by 10-inch cylinders. One man controls each winch, 
having two friction thrust pump handle levers in his hands and steam under 
foot. Stretched between the spars and high above the deck is a stay of large 
dimensions. ‘This stay supports a double block over the center of each 
hatch. ‘The hoisting rope leading from one drum of one winch leads aloft 
- and over one of the pulleys of these double blocks and then drops verti- 
cally into the hold. 

When the Marine Transfer is set up, two booms are outstretched and 
fixed by vangs on opposite sides of the ship and so disposed that a line 
drawn from their ends passes directly over the center of the hatch. To 
the ends of these booms pulley blocks are attached. To handle bags of 
coal three lines are used and two winches. One line is used to hoist the 
bags vertically from the hold. ‘The other two lines lead in opposite direc- 
tions to pulleys at the ends of the outstretched booms and back to a swing- 
ing block surrounding the hoisting rope. These two lines swing the load 
to and from the ship alongside. The hoisting line swings pendulum-like 
from the pulley block supported high above the center of the hatch. This 
line leads through a floating trolley or swinging block provided with large 
pulleys. This swinging block is hauled both ways by lines known as the 
inhaul and the outhaul. These lines are operated by the two drums of 
the winch known as the swinging winch. The weight of the swinging 
block is counterbalanced by adding a line (pendulum rope) to the swinging 
block and leading it aloft to the double block, thence to a pulley near the 
mast and downward to a weight suspended on its end. ‘This weight runs 
on a standing rope as a guide (Plate 35). 


OPERATING A SELF- FILLING BUCKET. 


In operating a self-filling or clamshell bucket a fourth line is added 
parallel to the hoisting line and operated by the second drum of the hoisting 
winch. ‘This line is employed in closing the bucket. The operation is as 
follows :— 

Suppose the bucket to be open on the coal in the hold. 

1. By hauling in with one drum the bucket is closed, grabbing a load 
of coal. 

2. By winding in both bucket lines the bucket is hoisted. 

3. When the bucket is clear of the hatch it is swung outboard by 
hauling in on the outhaul rope and paying out (at the same speed) the 
inhaul rope. ; 
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4. Holding the bucket by the holding rope and paying out the closing 
rope the bucket empties its load. 

5. Winding in on the inhaul rope and paying out on the outhaul rope 
the bucket is caused to swing back over the hatch. 

6. Lowering or paying out the bucket lines lowers the bucket until 
it strikes the coal and the cycle is complete. 

This cycle has been accomplished in an average of twenty-one seconds for 
an hour, although frequently single-bucket loads have been filled, discharged 
and returned in fifteen seconds. 


THE MARINE TRANSFER ON THE COLLIERS MARS, VULCAN AND HECTOR. 


The colliers Mars, Vulcan and Hector were built by the Maryland 
Steel Company under one contract and are similar in all respects. Each 
ship has ten hatches. Between each pair of hatches are a pair of vertical 
king posts (Figs. 5 and 6, Plate 36). Each king post carries two steel booms. 
Between the king posts are four winches, being duplicates of those on the 
colliers Vestal and Prometheus (Fig. 7, Plate 37). The king posts are short; 
in fact, too short. When operating the Marine Transfer both booms are 
fixed. One supports the double swiveled and hinged block (Fig. 9, Plate 37) 
directly over the center of the hatch. The other is fixed outboard on the 
side where the coal is to be delivered. The inhaul pulley, which on the 
Vestal is placed on a boom end, is attached to the rail of the collier. The 
pendulum rope and counterpoise are omitted. 

Themasts and booms on these threecolliers are cheaper thanon the Vestal 
and Prometheus, but they are less favorable to the operation of the Marine 
Transfer. ‘These colliers have wide hatches and a far greater amount of coal 
can be taken out of them with the clamshell bucket before trimming is 
necessary than is possible on the Vestal. The operation of the bucket is 
practically the same on all the colliers. The strain on the rope drawing 
the bucket outboard on the Mars is greater than the strain on the hoisting 
rope. This is because the king posts are low and because the point of 
suspension of the double block is low. It is of the greatest importance in 
designing ships to carry Marine Transfers that the most careful considera- 
tion be given to the strains developed. After the strains are computed for 
a quiescent load a factor of safety of from eight to ten should be employed. 
The arrangement of masts and booms on the collier Vestal is preferred by 
the writer to the arrangement on the Mars. 

On the colliers Mars, Vulcan and Hector, fully loaded and with masts and 
‘booms as originally provided, the clamshell bucket clears the deck of war- 
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ships if not more than 20 feet above the water-line. Some of these masts 
have been raised about 8 feet which should mean that the clamshell bucket 
can clear the deck of a warship 28 feet above the water-line. As the collier 
discharges and rises the clearance gradually increases about 12 feet. 
When the masts were raised the booms were raised with them. ‘This is 
an improvement. The point of suspension of the double block is carried 
higher and this reduces the strains developed when hauling the bucket 
outboard. ‘To further reduce the strains on the masts and rigging the size 
of the clamshell bucket has been reduced. ‘The first clamshell buckets 
carried 2,600 pounds of coal each and weighed 4,000 pounds, 6,600 pounds 
total, while the new ones carry 1,600 pounds each and weigh 2,600 pounds, 
4,200 pounds total. 

In the official coaling trials discharging into a barge and using the 
large bucket— 

The Mars handled 137 bucket-loads, aggregating 117 tons. 

The Vulcan handled* 155 bucket-loads, aggregating 180 tons. 

The Hector handled 175 bucket-loads, aggregating 190 tons. 

Ordinary seamen on board these colliers were drilled to operate the 
Marine Transfers with the clamshell buckets, from which it has been estab- 
lished that two fairly intelligent men require about eight hours to become 
sufficiently proficient to be capable of discharging 100 tons of coal per 
hour per hatch. One hundred and ninety tons of coal per hour per hatch 
can be discharged at any time with winchmen of sufficient skill and practise. 

It is worthy of note that on the collier Vulcan, Captain Merithew 
commanding, after it had been in commission a few months and using the 
small three-quarter-ton bucket, two men discharged 95 tons of coal per 
hour. This would require about 133 bucket loads per hour, or one round 
trip every twenty-seven seconds. 


OPPOSITION TO USE OF CLAMSHELL BUCKETS. 


When these colliers were first put into commission there was consider- 
able opposition to the use of the clamshell buckets. It was feared the 
bucket would damage the deck or superstructure of the warship. The 
bucket always swings in the same plane. If it is going to hit anything it 
will hit it in the same spot each time. That spot can be protected by fenders, 
planks or suspended bags of coal. Planks laid on the deck will prevent 
the bucket from damaging the deck. 


*See appendix for the exact time that each bucket-load was delivered and the time for each round trip. 
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COALING THE U.S. S. MICHIGAN. 


Plates 38 and 39 are half-tone photographs showing the U. S. collier 
Vestal coaling the U. 5. S. Michigan, Capt. N. R. Usher, U. S. Navy, 
commanding. The Michigan has large coaling skylights (Plate 39), leading 
directly to the main deck level and through which coal can be poured for 
a time at the rate of 150 tons per hour. ‘The coal on the main deck is 
shovelled into chutes leading to the bunkers. The photographs also show 
one of the buckets delivering coal to a pile (Plate 38), directly on the ship’s 
deck. This pile of coal is surrounded by men with shovels. The pile being 
large, these men continue their work while the clamshell bucket delivers 
coal to the apex of the pile. Shovelling coal on deck where the shovel 
follows a plank is much more rapid than shovelling on top of the coal in 
the hold. Then again, baskets or trucks can be used. The baskets will stand 
alone and men are not required to hold them while being filled. Baskets 
holding about 45 pounds are carried with little fatigue. If bags were to be 
filled one man would do the shovelling while two other men held the bag, 
and the men would be in each other’s way. 


COALING A TORPEDO-BOAT DESTROYER. 


One of the most striking illustrations of the value of increased rate 
of discharge and reduction in labor is found in a recent coaling of a torpedo- 
boat destroyer. The destroyer was of the Flusser type. It received coal 
from the clamshell buckets of the collier Vestal. This boat took on 4o 
tons of coal in seventeen minutes, which is at the rate of r4r tons of coal 
per hour. Only two men were employed. On the destroyer two coal 
hatches (abreast the two after stacks) were removed. The clamshell bucket 
delivered its coal on the deck amidships, where it poured directly through 
both hatches and filled bunkers on both sides of the ship at the same time. 
Fully 70 per cent. of the coal flowed directly into the bunkers. 

If a torpedo-boat destroyer can take on coal at one point at the rate 
of 141 tons per hour, battleships and cruisers can do as much. ‘The battle- 
ship Virginia received and stowed 550 tons of coal per hour for a short 
time at a coaling station. When coaling from the Vestal only four or five 
hatches can serve a battleship at the same time, hence, about 500 to 600 
tons is about all that will be delivered. It therefore appears that the 
maximum receiving capacity of the ship almost corresponds to the cree 
of Marine Transfers available at one time. 


130 COALING WARSHIPS FROM COLLIERS IN HARBOR. 
COALING THE PANTHER. 


Photographic half-tones, (Plates 40, 41 and 42), give anexcellent illustra- 
tion of the employment of the clamshell bucket on the collier Mars delivering 
coal in bulk to the repair ship Panther. In this it will be observed (Plate 40) 
two men are required to operate the bucket. They can see the bucket in 
all of its positions while filling, hoisting and swinging outboard and dis- 
charging. The clamshell bucket in Plate 42 is shown delivering coal directly 
to the hopper wagons on the repair ship Panther. These hopper wagons 
were not purchased with reference to receiving coal from clamshell buckets, 
but it indicates an improvement in coaling methods. A larger hopper 
wagon to be carried on the collier or a collapsible truck would be better. 
Either would save the labor of hand shovelling. 


COALING TWO BATTLESHIPS AT ONCE. 


The colliers Mars, Vulcan and Hector have ten large hatches and ten 
Marine Transfers which, if worked simultaneously, will discharge 1,000 
tons of coal per hour. This capacity is sufficient to coal two battleships 
at once, giving each 500 tons of coal per hour as long as they can receive it. 
The last of the coaling must necessarily be slower. 

Two battleships, one of them commanded by the late Admiral Converse, 
U. S. Navy, were coaled by a collier lying between them in smooth water 
off the coast of Porto Rico during the Spanish-American war. ‘The circum- 
stances justified the risk involved in placing a collier between two heavy 
battleships. In time of war our new colliers are quite likely to be called 
upon to perform similar duty. 


COAL DUST. 


It was expected that coaling with clamshell buckets would be a much 
more dusty operation than coaling with bags. ‘This, however, has not been 
found to be the case and it has been claimed by naval officers that coaling 
with clamshell buckets is less dusty than coaling with bags. The question, 
however, of more or less dust is hardly one which should be offered as an 
excuse for not taking advantage of the increased capacity and the reduction 
of labor force. 


A COLLIER COALING ANOTHER COLLIER. 


A large fleet of United States battleships in a harbor in time of war 
would naturally have several of these new colliers in attendance. An 
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order from the Department to “‘coal and sail immediately’ would probably 
result in the employment of every available collier to coal the battleships. 
When the battleships have coaled, however, it might still be desirable to 
have some of these colliers accompany the fleet. At this time, however, 
the colliers would be all partially empty. With the use of the rapid self- 
discharging appliances capable of discharging 1,000 tons per hour a few of 
the colliers could discharge their remaining coal to the colliers desired by the 
fleet. In this way, with a minimum delay of the fleet and with a few men 
employed, the colliers can accompany the fleet with full loads of coal. The 
empty ones can return to be refilled. Thus it may be observed that exi- 
gencies may arise in which the efficiency of the fleet as a whole might depend 
entirely on the efficiency of the collier’s coal-discharging equipment. 


THE FATIGUE OF THE MEN. 


To coal a battleship at a rate of 500 tons per hour using the old-fashioned 
“Yard and Stay” method with bags would require on the collier alone 
not less than 350 men from the battleship. If the work of 350 men in the 
hold can be done with ro men, then 340 men will be saved from fatigue. 
Furthermore, the 340 men would lighten the labors of those on the battle- 
ship. ‘This question of the fatigue of the men may have no value what- 
soever in times of peace but may be of the utmost importance in times 
of war. 

The British Admiralty has spent and is spending a vast amount 
of money in order to find a method of filling coal bags by mechanical appli- 
ances to save manual labor. An admiral with a fleet of battleships, in 
time of war, entering a harbor to take on coal before a fight, would wel- 
come any improvement which would keep the crew in proper condition 
for the impending action. Again, suppose the men had spent the night 
before on deck ready for threatened attack from torpedo boats, they should 
rest, not coal ship. 5 


MODIFICATIONS OF THE MARINE TRANSFER. 


First Officer Shurtleff, an old deep-sea sailor on the collier Vestal, 
has found two interesting modifications in the employment of the Marine 
Transfer which illustrate its flexibility. He has found that he can reach 
parts of the battleship better by detaching the outboard swinging rope 
pulley from the boom and attaching it to the battleship. He can reach 
farther with the coal bucket or coal bags in this way. Amidship coal 
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hatches might in this way be reached, but to do this a high point of suspen- 
sion is required for the double blocks secured above the collier’shatch. This 
is practicable on the colliers Vestal and Prometheus. 

Another modification discovered by Shurtleff was in delivering coal from 
the Vestal’s hatch No. 7 (which at the time was well filled with coal) to a 
point on the battleship opposite hatch No. 6, which at the time was empty. 
The outboard boom of No. 7 hatch and the inboard boom of No. 6 were 
employed to support the pulleys for swinging the bucket; the swinging 
rope then passed on a diagonal line over hatch No. 7 and delivered coal to 
a position on the battleship opposite hatch No. 6. 


YARD AND STAY. 


All of these colliers can employ the ‘“‘ Yard and Stay’”’ method if desired. 
With the ‘‘ Yard and Stay”’ it is impossible to use clamshell buckets. On 
these colliers the superiority of the Marine Transfer over the ‘“‘ Yard and 
Stay’’ for handling coal bags has been established. The Marine Transfer 
should always be used when bags are handled because the practise the men 
get may be availed of in operating with clamshell buckets. In the first 
instance three ropes are employed and in the latter four; otherwise the 
systems are the same. 

The ‘‘Yard and Stay’’ method is effective if operated slowly. To 
operate it rapidly results in confusion and danger. With the superior con- 
trol of the load with the Marine Transfer, higher speeds both of hoisting and 
Swinging are permissible. A load every twenty seconds has been accom- 
plished. ‘The swinging ropes of the Marine Transfer are up clear of the 
hatch coamings and do not chafe. With the ‘““Yard and Stay” one rope is 
sure to chafe over the hatch coamings. Winchmen who have learned the use | 
of the Marine Transfer prefer it to the ‘“‘ Yard and Stay.” This is the experi- 
ence on these colliers. Another advantage in employing it is that the clam- 
shell may be added or removed with but a few moments’ delay if circum- 
stances so demand. 


LABOR CONDITIONS. 


These five colliers were completely equipped with the Marine Transfer 
before one was placed in commission. ‘Then it was discovered that common, 
dollar-a-day seamen were expected to operate the winches. Some show 
an aptitude for operating these winches where others do not. Some are 
only too anxious to learn to operate the Marine Transfer, for when they 
have mastered the art, which they have learned at the expense of the 
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United States Government, they can leave and be employed on shore coal 
towers at three times the pay. For instance, the U. S. Collier Vestal had 
been in commission one year on or about October 20, 1910. At this date 
it was full and ready to sail to coal our battleship fleet in English or French 
ports. The men had completed their first year of enlistment. Every 
man who had become an accomplished winchman left the ship. A green 
crew was taken on board, not one of whom understood the new winches. 
If the collier arrives in port a few days in advance of the fleet it will have 
time to teach these seamen to handle the Marine Transfer. 

It would seem reasonable to offer some incentive for seamen to become 
accomplished winchmen and, when accomplished, to be retained. One 
suggestion is that when winchmen become proficient they might be paid 
one or two cents extra for each ton of coal discharged by them. Perhaps, 
too, captains of warships will see to it that ten or twelve members of their 
own crews receive practise as Marine Transfer winchmen. 

However, there is another lesson in these experiences, namely, to reduce 
the winches to the limit of simplicity, to make them extra strong and fool- 
proof even if their capacity should be somewhat reduced. Also to simplify 
the control so that it may be acquired in an hour’s practise if possible. This 
lesson has been taken advantage of in designing the winches now under con- 
struction for the new collier Neptune. 


MAXIMUM COALING EFFICIENCY. 


The author believes that the maximum efficiency in coaling will be 
attained by employing clamshell buckets delivering coal in bulk directly 
into bunkers when possible and when impossible to hoppers on the deck of the 
ship to be coaled. Such hoppers to be arranged so that trucks holding about 
one ton of coal can be pushed beneath the hopper and filled therefrom by 
the movement of a valve or gate, the coal then to be trucked to various 
parts of the deck where it can be dumped through coal chutes to the bunkers. 
Such a method would reduce the number of men involved to a minimum. 
It would save the cost of coal bags or baskets. It would save the fatigue of 
the sailors from shovelling coal, carrying baskets or dragging bags of coal 
on the deck. Plate 43 illustrates such a form of hopper. ‘This is shown 
as being constructed in one of the large hatches on one of the decks and 
delivering its coal to trucks on the deck below. Such hoppers should be a 
part of the battleship’s construction or equipment. An ingenious engineer 
might design a combined skylight and coal hopper which would not add 
to the weight of the ship. The trucks should either be dismantled to be 
packed in a small space or carried on the colliers. 
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COALING WITH BAGS. 


The author believes that coaling with bags will gradually give. way 
to coaling in bulk and a great saving in the cost of bags will then accrue to 
the Navy. In coaling with bags it takes two men to hold the bag while 
a third man shovels coal into it. Bags soon wear out and, even when they 
are stowed away, are liable to mildew and rot. After the coaling is finished 
the bags are usually washed, dried and stowed away. 


BAG-FILLING HOPPERS. 


In case it becomes desirable for any reason to coal with bags it is 
suggested that these colliers be provided with hoppers to be filled with a 
clamshell bucket, these hoppers to be constructed so that the coal may 
spout directly into bags. ‘Thus one man could fill bags from the hopper as 
rapidly as seven can working in the hold shovelling by hand. This is the 
result attained by bag-filling hopper barges in use by the British Admiralty. 


MARINE TRANSFER WINCHES. 


The introduction on board ship of machinery to operate a clamshell 
bucket was new before these ships were built and no ship’s winch had ever 
been constructed for this purpose. Deck space is valuable and limited. 
It is also important to save weight of machinery. The winches shown in 
Plates 37 and 44, occupy a space of only 7 feet 8 inches by 5 feet 104 inches. 
They weigh 9,400 pounds each. ‘These winches have only 84-inch by 1o-inch 
double cylinders, yet they have proven to be capable of handling one gross 
ton of coal with perfect ease and ample factor of safety. In shore towers 
operating clamshell buckets, two 1o-inch by 12-inch cylinders are the 
smallest used for this size of bucket. Drums driven by wood-and-iron 
friction clutches are employed on shore towers very extensively and with a 
fair degree of success, but on shore towers there is ample space for winches 
having friction clutches of large diameter. Even 40-inch, 50-inch and 60- 
inch frictions are employed in some instances. Large friction surfaces are 
necessary (when wood and iron are used) to dissipate the heat developed by 
the friction drums repeatedly thrown in and out of engagement. The deck 
space available on these fivecolliers limits the diameter of the friction clutches 
to something like 24 inches, and wood-and-iron or leather-and-iron frictions 
become impracticable. The winches referred to and illustrated herein have 
flat metallic frictions provided with air-cooling passages and even these 
get extremely hot in the course of a run of a single hour, but never hot 
enough to affect the operation. 
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In a competitive test at the New York Navy Yard between winches 
having metallic friction clutches and others of wood and iron of same 
diameter the latter were rendered unfit for service after three hours’ run. 
There was }-inch of charcoal on the woods. Throughout all of these tests 
the new winches showed no signs of trouble. They are enormously strong 
and will stand a great deal of abuse. The friction surfaces are polished 
and flat and will slip before any dangerous strain comes upon the gear. 
It is impossible to hoist the load suddenly by throwing the friction into 
contact. It will slip somewhat before picking up the load. If the friction 
is thrown in and the steam then turned on, the load will be properly ac- 
celerated and the results are better. 

There are three important points involved in the design and construc- 
tion of these winches. 

1. The employment of flat metallic slipping frictions with air-cooling 
passages. 

2. The employment of a lever control which makes the operation 
comparatively easy. 

3. The position of the operator is such that he can see the bucket in 
all parts of the hold as well as in every position it might take above the 
hatch. 

The metallic slip frictions on all of these colliers involve the use of an 
extra hard steel plate attached to the gear and the employment of friction 
blocks made of a special composition. These materials are wonderfully 
durable and none has as yet shown any signs of wear. 


ROPES. 


Wire seems to be the only material of which to make the ropes properly. 
Manila rope would fill the drums too full. This would require larger drums 
and more space and weight than is permissible on board ship. Further- 
more, to keep the two bucket ropes free a non-spinning rope is found to be 
essential. Non-spinning ropes from the nature of their construction are 
not as durable as the ordinary wire rope but it is believed that the problem 
of durability will yet be solved and wire ropes will be produced that will 
not wear out toorapidly. Even at the present rate of wear the cost of wire 
rope per ton of coal handled is believed to be very much less than that of the 
manila cordage made necessary in coaling with bags employing the battle- 
ship’s winches. It isa matter of common comment that the manila coaling 
whips required on a single coaling of a battleship from lighters are rendered 
unfit for further service by the abuse which they get in coaling, using the 
ordinary form of winch heads. 
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TIME REQUIRED TO SET UP THE MARINE TRANSFER. 


On the collier Vestal it has been found that in a comparatively smooth 
sea the entire Marine Transfer can be set up before entering the harbor and 
before the hatches are opened. After going alongside it is only a few 
moments’ work to drop the booms in place, take up the slack of the ropes 
and begin discharging coal. ‘This is possible because four independent 
hoisting drums are employed. It is also found that after the men are made 
familiar with the gear that the Marine Transfer can be set up nearly as 
quickly as the ‘‘ Yard and Stay.”’ 


U. S. COLLIER NEPTUNE. 


The U.S. Collier Neptune is now building at the Maryland Steel Com- 
pany’s yard. This Company equipped the Mars, Vulcan and Hector with’ 
Marine Transfers. They devoted several months to finding the simplest 
form of coal-handling gear for the new collier Neptune. Several plans were 
completely drawn up and the cost and weight of the supporting gear care- 
fully estimated. 

The Marine Transfer was adopted only after all the usual methods 
of handling coal afloat or ashore had been given careful consideration. 
They are constructing a novel form of mast and boom to carry the Marine 
Transfer. ‘The mast and boom structure is practically a series of structural 
steel tower-like masts tied together by a stiff member at their tops. Each 
individual mast or tower carries four booms. ‘These booms are to be out- 
stretched when the Marine Transfers are operated. ‘The double blocks 
are suspended from the member connecting the tops of the masts and 
located directly over the center of the hatches. 

The winches for this installation are of new design and will have double ' 
g-inch by 10-inch cylinders. They are reversible and the control is so 
simplified that one man will operate two winches. It is hoped they will 
prove ‘“‘fool-proof.”’ 

There are two pump handle levers and one foot brake for use in operat- 
ing the clamshell bucket. In this way the twelve hatches on the collier 
Neptune will be operated by twelve men instead of twenty-four as would 
be the case had the Vestal equipment been adopted. Corresponding 
winches have been produced that ordinary Italian stevedores have become 
accomplished in handling in an hour’s time. Metallic slipping friction 
drums with air-cooling passages will be provided. The winches are stronger 
than those on the Vestal, equally fast, and should easily deliver 100 tons of 
coal per hour as required by the Navy Department. 
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EARLY PAPERS ON COALING WARSHIPS. 


A most exhaustive paper, entitled ‘“‘The Coaling of Warships,” was 
read before the American Society of Naval Engineers by Commander J. R. 
Edwards, U.S. N., and published in their Journal of February, rgor. 

Another paper by Commander Niblack, entitled ‘‘Colliers and Coal 
Stations,” was published in the Proceedings of the United States Naval 
Institute in 1904, in which he gives the capacity of some of our coaling 
stations as follows :—- 


ANG IRS Hareb SEH ss Mees 6 Ubi o Mee eee oe 10,000 tons. 
Navy Yard, Portsmouth, N. H............... 10,000 tons. 
U.S. Navy Yard, Boston, Mass.............. 12,000 tons. 
New ondon Conny sinh ae ee ee 10,000 tons. 
Us Ss Nawy Ward pNew Mork 924. She sane: 9,000 tons. 
U.S. Navy Yard, League Island....... 3,000 to 5,000 tons. 
U.S. Navy Yard, Washington, D.C.......... 3,000 tons. 
OnE MNOW AE Sei Weer Cah OO ELL en Ame io lee 5,000 tons. 
SiGkam i Maskanee ne ieleniadin ete ih we ke) Ayla 5,000 tons. 
Nawvalistation: “hutuila, Samoa.) 2/25) 55 00. 2. 5,000 tons. 


In contrast to these eleven modern coaling stations our new colliers 
carry 12,500 tons of coal each, more coal than at any of the above coaling 
stations. Every one of these colliers is equipped to discharge coal at a rate 
exceeding 1,000 tons of coal per hour. Such colliers cost about a million 
dollars each. They are perfectly equipped floating coaling stations. They 
can go anywhere. 
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APPENDIX. 
OrFiciaL Test U. S. COLLIER VULCAN, SEPTEMBER 17, 1909, AT 
i NorFOLK, VA. 
ne Min. | Sec. pee ae Min. | Sec. pa xe Min. | Sec. Rolnd 
load. load. load. p- 
I fo) fo) oO secs. 29 10 30 20 secs. 57 20 56 21 secs. 
2 fo) 23 23 secs. 30 10 51 21 secs. 58 21 19 23 secs. 
3 fo) 41 18 secs. 31 11 20 _29 secs. 59 21 38 1g secs. 
4 I fo) 1g secs. 32 Il 40 20 secs. 60 22 I 23 secs. 
5 I 20 20 secs. 33 12 fo) 20 secs. 61 22 20 T9 secs. 
6 I 40 20 secs. 34 12 20 20 secs. 62 22 50 30 secs. 
I 58 18 secs. 35 13 12 52 secs. 63 23 10 20 secs. 
8 2 20 22 secs. 36 13 31 1g secs. 64 23 29 1g secs. 
9 2 39 19 secs. 37 13 53 22 secs. 65 23 50 21 secs. 
10 3 58 79 secs. 38 14 13 20 secs. 66 24 8 18 secs. 
II 4 18 20 secs. 39 14 33 20 secs. 67 24 29 21 secs. 
12 4 38 20 secs. 40 14 54 21 secs, ~ 68 24 49 20 secs. 
13 4 57 19 secs. 41 15 19 25 secs. 69 25 7 18 secs. 
14 5 17 20 secs. 42 15 43 24 secs. 7o 25 27 20 secs. 
15 5 37 20 secs. 43 ‘16 5 22 secs. 71 25 45 18 secs. 
16 5 56 19 secs. 44 16 26 21 secs. 72 26 3 18 secs. 
17 6 15 1g secs. 45 16 45 19 secs, 73 26 25 22 secs. 
18 6 38 23 secs. 46 17 6 21 secs. 74 26 43 18 secs. 
19 6 59 21 secs. 47 17 25 1g secs. 75 27 2 19 secs. 
20 7 27 28 secs. 48 17 45 20 secs. 76 27 23 21 secs. 
21 a] 48 21 secs. 49 18 5 20 secs. Wd 27 45 22 secs. 
22 8 7 19 secs. 50 18 26 21 secs. 78 28 12 27 secs. 
23 8 27 20 secs. 51 18 47 21 secs. 79 28 32 20 secs. 
24 8 47 20 secs. 52 19 10 23 secs. 80 28 50 18 secs. 
25 10 23 secs. 53 19 32 22 secs. 81 29 10 20 secs. 
26 9 30 20 secs, 54 19 52 20 secs. 82 29 30 20 secs. 
27 9 50 20 secs. 55 20 15 23 secs. 83 29 50 20 secs. 
28 10 10 20 secs. 56 20 35 20 secs. 84 30 12 22 secs. 
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OFFiciaL Test U. S. COLLIER VULCAN, SEPTEMBER 17, 1909, AT 
NORFOLK, VA.—Continued. 


Min. | Sec. ne und Ne Min. | Sec. 
TD: load. 
30 32 20 secs. 109 40 8 
30 52 20 secs. 110 40 27 
31 14 22 secs. III 40 47 
31 34 20 secs. 112 41 6 
31 53 19 secs. 113 41 25 
32 10 17 secs. 114 41 47 
32 35 25 secs. 115 42 10 
32 54 19 secs. 116 42 36 
33 23 29 secs. 117 43 4 
33 45 22 secs. 118 43 27 
34 22 27 secs. 119 44 24 
34 43 21 secs. 120 44 44 
36 I 18 secs. 121 45 4 
36 22 21 secs. 122 45 25 
36 42 20 secs. 123, 45 48 
36 59 17 secs. 124 46 9 
37 26 27 secs. 125 46 30 
37 44 18 secs. 126 46 53 
38 g 1g secs. 127 47 16 
38 26 23 secs, 128 47 44 
38 45 1g secs. 129 48 33 
39 3 18 secs. 130 48 56 
39 24 21 secs. 131 49 18 
39 44 20 secs. 132 49 45 


Round 
trip. 


24 secs. 
19 secs. 
20 secs. 
19 secs. 
19 secs. 
22 secs. 
23 secs. 
26 secs. 
28 secs. 
23 secs. 
27 secs. 
20 secs. 
20 secs. 
21 secs. 
23 secs. 
21 secs. 
21 secs. 
23 secs. 
23 secs. 
28 secs. 
49 secs. 
23 secs. 
22 secs. 


27 secs. 


139 

Me Min. | Sec. eH ae 
load. 

133 50 14 29 secs. 
134 st 33 79 secs. 
135 51 54 21 secs. 
136 52 15 21 secs. 
137 52 35 20 secs. 
138 52 55 20 secs, 
139 53 16 21 secs. 
140 53 37 21 secs. 
141 54 o |. 23 secs. 
142 54 22 22 secs. 
143 54 45 23 secs. 
144 55 7 22 secs. 
145 55 33 26 secs. 
146 56 7 34 secs. 
147 56 31 24 secs. 
148 56 52 21 secs. 
149 57 22 30 secs. 
150 57 44 22 secs. 
151 58 13 29 secs. 
152 58 33 20 secs. 
153 59 3 30 secs. 
154 59 28 25 secs, 
155 59 51 23 secs. 


It will be noted that 70 out of the 155 loads were each delivered in 20 seconds or less. 
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ELECTIONS TO MEMBERSHIP. 
From Associate to Member (1). 


W. P. Stephens, Yacht Designer, now Editor ‘“‘Lloyd’s Register of American 
Yachts,” Avenue A and 32d Street, Bayonne, N. J. 


For Members (4). 


Charles B. Calder, General Manager, Toledo Shipbuilding Co., Toledo, Ohio. 
Howard C. Davis, Assistant to the Chief Engineer, Marine Department, 
’ Griscom Spencer Co., 80 West Street, New York, N. Y. 

John F. McIntosh, Chief Engineer, Union Oil Co., Mills Building, San Fran- 
cisco, Cal. 

Daniel G. McAlpine, Marine Superintendent, Old Dominion Coal Co., Sydney, 
Nova Scotia. 


For Associate (5). 


A. Edward Bowers, Chief Draughtsman, Hull Department, Staten Island 
Shipbuilding Co., Port Richmond, S. I. 

Carl A. Carlson, Civil Engineer, U. S. Navy, Bureau of Yards and Docks, 
Navy Department, Washington, D. C. 

A. Clifton Leaveson, Chief Draughtsman, Engineering Department, Staten 
Island Shipbuilding Co., Port Richmond, S. I. 

Joseph S. Shultz, Civil Engineer, U. S. Navy, Bureau of Yards and Docks, 
Navy Department, Washington, D. C. 

Naoji Tomikawa, Chief Draughtsman, Mitsu Bishi Dockyard and Engine 
Works, Kobe, Japan. 


For Junior (1). 
Roy P. Mills, Draughtsman, Hull Division, Navy Yard, New York, N. Y. 


THE CHAIRMAN :—You have heard the names, gentlemen. Is it your pleasure 
that the recommendation of the Council be approved and these gentlemen who 
have been named be elected Members and Associates. 


It was moved, seconded and carried unanimously that the gentlemen named 
be elected Members and Associate Members of the Society. 

The first paper on the program is ‘““The Gyroscope for Marine Purposes,” 
which will be read by its author, Mr. Sperry. 
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Mr. ELMER A. SPERRY, Member:—Mr. Chairman and gentlemen, I will first 
read my paper and then have the stereopticon views. This subject of the applica- 
tion of the gyroscope to marine purposes has been a subject that has interested me 
for many years. Last year while abroad I made it a point to see every one who 
could be found conveniently who had written on the subject of the gyroscope or 
who had touched upon its application in any way; and I assure you I met a very 
interesting group of men, the master of which is our good friend Dr. Schlick, and 
although our rules would not allow me to publish his portrait, which was taken at 
the instance of Sir William H. White while Dr. Schlick was with him in London, 
still I have a slide in which we will see his genial face before we are through. I 
found quite a number of people in Germany who were interested in the gyroscope, 
but usually in a very theoretical way. Few seemed to have much idea of its 
practicable appreciation outside of Dr. Schlick, and possibly Brennan in England, 
and one or two others. 

I might say one word on how Dr. Schlick happened to approach this subject. 
He had for a number of years noticed a peculiar action of side-wheel steamers. As 
a side-wheel steamer rolls, her prow swings round in the direction in which the roll 
takes place. He thought about this phenomenon a great deal and what utilization 
could be made of it, and it led to his work of installing his first gyroscope upon the 
sea bar, which we will see in the views. When he read his paper before the Insti- 
tution of Naval Architects, more than one Englishman jumped up and said there 
was nothing peculiar in what the Doctor had seen, that the prow of a side wheel 
and every other ship swung round as her roll took place. The testimony was so 
strong against Dr. Schlick’s observation that he could only get up and say :—‘‘ Well, 
I saw it;” and he did see it. The motion he observed was absolutely opposite to 
the motion referred to by his critics and known as yawing. When a ship yaws, it 
goes in an opposite direction, but when a side-wheeler has this gyroscopic motion it 
goes off in the same direction as the roll. 
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THE GYROSCOPE FOR MARINE PURPOSES. 


By EvmMer A. Sperry, Eso., MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, 1910.] 


The uses of the gyroscope at sea fall properly under four general 
divisions:—First, in affording means for resisting and preventing rolling 
of vessels or even rolling and controlling their motions at will; second, 
its use as a marine compass; third, for holding automobile torpedoes to their 
course; fourth, for artificial horizons in connection with observations at 
sea. There are two other uses which may be noted, that of recording the 
motions of ships, and also the use of a small gyroscope in controlling the 
oscillation of large active gyroscopes for purposes of preventing rolling 
motions of the ship in their inception, and thus holding the ship against 
rolling. ‘The first three only will be treated briefly in this paper. 

Previous to the introduction of the gyroscope, there have been three 
methods of steadying ships which afforded resistance to roll. ‘‘The oldest 
steadying gear,’’ as pointed out by Sir John I. Thornycroft, ‘‘was probably 
the sail, though not originally intended for that purpose.’’ He goes on 
to say “that the extended use of steam is depriving passenger vessels of 
this ancient steadying gear and causing increased rolling. For comfort 
at sea, we require in our ships some device that will afford resistance to roll, 
the need being an increasing one.” 

Lord Kelvin has measured angles of roll in crossing the Atlantic of 
40 degrees each side of the vertical, giving a total angle of motion in a single 
roll of 80 degrees. 

The early work of Froude, his co-laborers and successors, in applying 
athwartship tanks for prevention of rolling is well known. These, together 
with rolling ballast and the great moving weight of Thornycroft himself, 
all fall under the head of moving the center of gravity of the ship in attempt- 
ing to balance the wave effect and prevent rolling. 

In the seventies bilge keels were introduced and their characteristics 
are quite well understood, being effective only in heaviest rolling. Quite 
large bilge keels were found to equal about three-fourths of the surface 
hull and keel action for all angles of roll. The comparison between bilge 
keels and one per cent. of water ballast in athwartship tanks is interesting. 
Very large keels were found to be only one-eighth as effective at 3 degrees 
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roll from the vertical, one-fourth as effective at 5 degrees roll, only equaling 
at 12 degrees roll, and being three times as effective at 18 degrees roll. They 
are also known to increase materially the resistance, skin friction and 
motive power required in all weathers. Sir John I. Thornycroft introduced 
a method of anticipating the rolling by the means of a controlling mechanism 
compounded of many active features involving a short and a long pendulum, 
a retarding device and a cataract all organized to co-act; these were 
operated on the floating link principle, a moving ballast being operated 
by heavy hydraulic machinery in the hold of the ship. 

It is more than probable that the true engineering significance and 
the enormous power of the gyroscope were first discerned in this country; 
that is, observations concerning it were first made here. It happened 
in this wise. ‘There was in the early history of our Navy a torpedo known 
as the Howell torpedo, which depended for its action upon the rapid rotation 
of a fly-wheel. The torpedo was a cigar-shaped craft and amidships there 
was a steel wheel some 16 inches in diameter that was rotated up to about 
16,000 revolutions per minute. As a matter of fact, the speed of rotation 
was so great that the ,j-inch clearance left round the periphery was 
taken up by the centrifugal stresses acting upon the elasticity of the steel 
of the wheel, which was thus utilized as an automatic brake. This wheel 
was coupled to and served to drive the propellers when spun up. 

We had in America at this early time the forerunner of the present 
steam turbine, viz., the Dow steam turbine, which was directly connected 
in such a way as to spin the massive wheel up to 16,000. Mr. Nixon, late 
of the U. S. Navy, had charge of some attempts at marksmanship with the 
Howell torpedo. He was anchored out in the bay, a certain distance from 
the target, and some difficulty was experienced in starting the steam tur- 
bine. But finally, after quite a lapse of time, the crew succeeded in getting 
the turbine going and gradually spun the wheel up. You understand it 
takes considerable time to store energy in a revolving mass and attain this 
high velocity. After thevelocityhad been reached and everything was ready, 
lo and behold!—the ship on which the machinery was located, anchored 
out in the bay, had turned, the tide having changed, and instead of the 
torpedo now being pointed at the target, it was found that the target was 
considerably to one side of the direction in which the torpedo now pointed. 
Mr. Nixon called upon some of the members of his crew to change the 
torpedo and point her over toward the target, but they found this difficult. 
They had no trouble in getting it up, but no amount of effort sufficed to 
budge it laterally; it would not change its direction. So the lieutenant 
called for more men. It simply had to come and finally it started slowly 
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and the men trod the deck. He saw they changed its relative position 
upon the boat considerably, so he stepped back and took a sight as to its 
alignment with the target and to his great surprise he found the target was 
still in the same quarter. In their efforts they had moved the ship around 
under the torpedo which contained the spinning wheel and which had refused 
to move. Now this was one of the first times that the real power of the 
gyroscope had manifested itself; it became noted in engineering circles. 

As to some of the other uses of the gyroscope. The most extensive 
use to-day is probably the automatic steering gear in Whitehead torpedoes. 
This gear is simply used for the purpose of lateral guiding of the torpedo 
and holding same toa straight course. ‘This little gyroscope has a secondary 
ring which may precess—it offers positive resistance to any effort to turn 
it from its course, and this resistance is used to operate valves and, through 
a secondary motor, the rudders. This use originated with Obrey, an 
Austrian naval officer (see Plate 45). 

Ourownmember Mr. Leavitt, engineer of the E. W. Bliss Co., of New York, 
and inventor of the Bliss-Leavitt torpedo, has greatly increased the efficiency 
of the ‘‘gyro”’ gear of torpedoes, as he has greatly improved the torpedo itself. 
Figuring from the increased speed and radius of action, he has increased 
the power factor of the old Whitehead torpedo twenty times and without 
materially increasing the air pressure carried. He has accomplished this 
by a wonderfully bold piece of engineering; that is, by automatically burn- 
ing a fuel directly in the pressure air current, thus greatly increasing its 
temperature. The reciprocating engine of the Whitehead is replaced by 
a pair of little Curtiss turbines. It should be remembered that every 
doubling of the absolute temperature doubles the volume, and whereas he 
starts out with a small amount of air, he reaches the turbine with an immense 
quantity of air, under the requisite pressure, enormously increasing the 
power generated, an exceptionally interesting piece of engineering! 

Figures 2 and 3, Plate 46, show two types of the Leavitt directing gyros- 
cope; this issmall and he has increased its accuracy by unloading the base 
ring; instead of asking the base ring to do the work of moving a valve, he 
cuts the duty required down to about one-hundredth of that required in the 
Obrey gear and makes it give a simple directive factor to an extremely 
small pivoted pawl at the instant the pawl is otherwise neeely idle. 
Plate 47 shows this vibrating pawl at E. 

Dr. Schlick, a noted engineer of Hamburg, Germany, has done 
much in connection with the gyroscope. It is to Dr. Schlick’s genius 
that we largely owe the vibrationless reciprocating marine engine. This 
engineer has gone further in the installation of large gyroscopes for steady- 
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ing ships than any other. His gyroscope is of the passive type. He is 
a practical engineer, and at first called to his assistance a number of other 
engineers and mathematicians and designed the first machine. The work- 
ing drawings of one of these machines are of interest; they are presented 
as follows:—Plate 48 is a plan, Plate 49 is a forward elevation, and Fig. 8, 
Plate 50, a side elevation. Plate 51 shows the complete machine as it was 
installed on board the Silvanna. 

In Germany, in 1909, Engineer Dr. Frahm had succeeded in over- 
coming one of the reasons for eliminating the water chambers from the old 
English men-of-war—that was the noise of the hundreds of tons of water 
rushing from side to side, which is said to have been intolerable—by using 
an inverted siphon. The trouble with this arrangement is that the cen- 
tral opening has to be of such a character as to cause the movement of the 
water to be synchronous with the boat’s period; that is, if in addition to 
the simple gravitational factor of the water the kinetic energy of the rushing 
water is to be utilized; while the boat in still water has a fairly uniform 
period and the movement of the water in the arrangement can be made to 
conform to a given period, in rough seas, however, the boat is not periodic, 
varying a great deal. I have seen automatic diagrams of rolling where 
the period varied from seven seconds to seventeen seconds. Now when 
the flow of this great quantity of water gets out of synchronism it becomes 
a menace, and makes the boat roll more and behave worse. Some rolling 
diagrams are shown in Fig. 10, Plate 50. 

The eminent engineer, Sir John I. Thornycroft of England, did much 
valuable work in attempts to overcome the last-named difficulty. He 
placed a great moving weight on a vertical axis which could move as a 
pendulum in the hold of the ship. An equipment of hydraulic apparatus 
was provided for swinging this weight from side to side (see Plate 52). By 
this means the center of gravity of the ship could be changed at will. The 
weight was about 5 per cent. of the total displacement of the ship, but it 
was governed by the controlling apparatus mentioned above, in such a 
way that he succeeded admirably in anticipating all the needs of the ship 
up to the capacity afforded by this moving weight. The weight had the 
power of tilting the ship just 2 degrees either side of the vertical when swung 
to its extreme lateral positions. In sea trials of this arrangement, Sir 
William White states that it reduced 18 degrees of roll to 9 degrees. To 
eliminate wind and weather conditions the boat was made to sweep through 
an entire great circle in heavy seas. This was the first attempt to steady 
a ship by a controlled reactionary force. The difficulties encountered 
with this, the water tanks and all other gravitational methods, are that 
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each pound of weight is enabled to do the work of only one pound and the 
weights and auxiliary machinery required have been thought to be prohibi- 
tive; and furthermore, the weight, when on one side or the other, constitutes 
a persistent unbalancing or listing force, whereas the gyroscope is enabled 
to deliver stresses pure and simple without disturbing the balance of the 
boat or introducing any such list whatever. The problem of preventing 
rolling of ships at sea has been attacked by a great many engineers. 

Last year, while in Hamburg, I saw the latest arrangement of Engi- 
neer Frahm—some large naval vessels for the Russian Government now 
being built with his arrangement for steadying, involving enormous 
tanks amidships, which will contain from 350 to 400 tons of water 
through the rushing of which, back and forth, a part of the true periodic 
roll will be extinguished, but only a part and only when periodic. The 
eminent authority, Dr. Schlick, states with reference to this arrangement 
that it will become a positive menace and cause excessive rolling 
when the ship’s oscillation falls out of period, which it invariably does 
in a storm. ‘This, however, is interesting, as showing the great desire 
to prevent rolling of ships and especially war vessels. 

The gyroscope, on the other hand, is not limited to any particular 
period of the boat; it simply responds to whatever motion the ship has, 
synchronous or non-synchronous. The question is often asked: Why is 
the gyroscope better than a moving weight in a ship for roll quenching? 
Barring the matter of list produced by the changes of center of gravity 
of the ship by the moving weight, the reason is perfectly apparent when 
you recall the magnitude of the stresses obtainable from a small machine. 
Every pound in the rotating mass of the gyroscope can easily be made to 
do the work of from 150 to 200 pounds, and directed in any desired line 
or plane, whereas, when we use water or any other form of moving weight, 
each pound represents a pound only, and can do the work of only a pound, 
and only in a vertical direction. 

The gyroscope is probably the only device in the world by means of 
which stresses and also energy may be transferred “‘around a corner,” so 
to speak. With the gyroscope it is possible to create and maintain a very 
powerful fulcrum in space effective for the heaviest kind of mechanical duty. 

Now on board ship there is one factor that is stiff and is now avail- 
able, and that is the fore-and-aft stability of the ship. In the gyroscope, 
for the first time, we have the means of rendering it possible to reach out 
and transfer this stability around a corner, so to speak, to the athwart- 
ships plane and thus hold the ship against rolling. We can do this with 
a surprisingly small mass, because, as I have said, every pound in that 
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mass can be made to do a very large amount of work, owing to the velocity 
that may, at low cost, be impressed upon it. One instance has been noted 
where the power required for operating the gyroscope would be about five per 
cent of that required for driving the bilge keels at normal speed of the boat, 
the keels requiring power in all weathers, the gyroscope only when needed. 

A primary motion on the part of a body, for instance, the slow athwart- 
ship or rolling motion of a ship, exerts gyroscopic forces upon any vertical 
spinning shaft and in a fore-and-aft direction. ‘These forces tend to dampen 
the rolling motion, but only feebly, and the fore-and-aft reaction, owing 
to the absence. of motion, does not at all. It is a part of the general plan 
to so utilize this force as to make it create extremely large reactions athwart- 
ships or in the proper direction to be effective. This is accomplished by 
the ingenious yet simple expedient of mounting the aforesaid vertical shaft 
in a pivoted frame so that it can tilt and utilize the primary fore-and-aft 
reaction to cause the axis of the spinning mass to tilt fore and aft. This 
motion is of much higher velocity than the angular motion of the vessel 
which produces it. By means of this tilting motion an entirely new gyro- 
scopic force is set up again at right angles as in the first instance, but now 
to the plane of tilt (fore-and-aft) which brings it back to the original 
athwartship plane just where needed; and, what is equally important, the 
reaction is in a direction exactly opposed to the roll of the ship which 
primarily called it into action, as well as this whole chain of phenomena 
which we have thus traced through a complete cycle of 180 degrees of angle 
and also through an enormous augmentation of righting moment and 
stabilizing power. 

In Plate 53 we havea pendulum witha small gyroscope mounted upon 
it. This pendulum has freedom of oscillation upon its two gudgeons, all 
ship’s roll being pendulic; this may be considered to be a ship with a small 
gyroscope upon it. ‘The spinner weighs but little and it spins at a very 
low velocity compared with what a well-organized gyroscope will do. 


THE ACTIVE GYROSCOPE. 


We note in Plate 54 that a cord is seen passing through the two gud- 
geons of the pendulum just above the tripods, and at a point midway 
between these gudgeons the cord passes around one of the little horizontal 
pulleys immediately below the gyroscope arranged in an elongated opening 
in the wooden top of the pendulum. These pulleys operate the little 
pinions in the lower middle portion of the fork of the gyroscope, one being 
geared directly to the base ring, shown horizontally in Plate 54, and the 
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other operating the precessional ring through an intermediate miter seg- 
ment. This arrangement affords means whereby either of these rings may 
be tilted at will by the simple act of drawing the cord through the center 
of the gudgeons, and round either one or the other of the pulleys. No 
movement, manipulation or stress whatsoever applied to the cord, could 
in any way affect the oscillation of the pendulum for the reason just stated 
that the cord passes through the center or axis of this oscillation, and in 
line therewith. 

It will be observed, in operating this model, that the gyroscope itself 

fails to respond to all the smaller angles. It responds freely to the large 

ones or wide angle oscillations, but either does not respond at all or moves 
very slightly with the smaller oscillations as stated. Not responding, it 
cannot, of course, control or extinguish these smaller oscillations. It being 
desired, especially in connection with improvement in conditions for gunnery 
on battleships and war vessels generally, that the gunner should operate if 
possible from a level gun platform, it therefore becomes desirable to 
act on these smaller oscillations of roll of the ship so as to completely 
extinguish them and hold the ship on a practically even beam. This 
especially as now all the larger war vessels are designed for broadside 
service and volley fire. The gunner therefore is compelled to keep an 
absolutely true and incessant aim upon the target. If the ship is rolling 
much or little this isa more difficult task. Again the recoil of the volley fire 
throws the boat over and sets up rolling, and it is the duty of the gyroscope 
to extinguish and prevent all rolling disturbances, from whatever source. 
As we have seen, the lesser angle rolling cannot be taken care of by the 
passive type of gyroscope. We must rely upon the active type. By this 
means the full angle operation of the gyroscope is secured where necessary, 
independently of the amount of motion or, in fact, any motion whatever 
on the part‘of the ship, and is therefore in readiness to deliver to the boat 
stresses which are equal and opposite to those received by the boat from 
any source and prevent them from causing the boat to roll. 

It is interesting to note that when the boat is held free from motion, 
as by the delivery of stresses equal and opposite to balance the wave effort, 
no power is required to actuate the gyroscope other than to overcome inertia 
and friction, which is almost negligible. When the roll is being suppressed 
and the boat is moving then the boat is doing work upon the gyroscope, 
and it then becomes the province of the actuator to emplace the oscillations 
of the gyro properly with reference to those of the boat, and at such angular 
velocity as to best suit the conditions, structure and mountings. 

The work of Sir John I. Thornycroft for preventing rolling, and his 
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devices, which are shown in Plate 52, involved changing the center of gravity 
of the vessel and thus introduced an additional disturbing and unstabling 
element which required additional treatment; his device involved a great 
moving weight running as high as 5 per cent. of the total displacement of 
the boat and a very large amount of hydraulic machinery for handling 
these weights and a considerable amount of motive power for operating 
them. But with the active type of gyroscope, we find that a small part of 
I per cent. of the displacement of the ship will perform a very substantial 
service, down to the point of practically fully extinguishing the rolling. 
By the use of this device there is entire absence of any shift of the center 
of gravity of the vessel, and its stability remains unchanged. The sizes, 
weights, speeds and location of a gyroscope for this purpose are among the 
points which have been canvassed in tests carried on at the Washington 
Navy Yard during the present year. 

Plates 55 and 56 show front and rear views, respectively, of a working 
model of a 26,000-ton battleship of the super-dreadnought class, with five 
feet metacentric height and eighteen seconds period of roll, capable of 
rolling through a total arc of 60 degrees; means are provided for autograph- 
ically recording all motions, both of the ship’s model and the gyroscope, 
upon same. The gyroscope was operated both passively and actively; 
means were also provided for emplacing the discharge of the active gyro- 
scope variously with regard to the ship’s oscillation so that the effect of 
different combinations might be studied. Many other auxiliaries were 
provided, one of which permitted the actual velocities of the gyro wheel 
to be counted while in operation. This was accomplished by the strob- 
oscopic apparatus of Capt. D. W. Taylor, similar to that used by him in 
his investigations of propellers under service conditions; in fact, both 
the ingenuity and reliability of performance of the model ship and the 
auxiliaries are directly due to Captain Taylor and his assistants at the 
Washington Navy Yard. By means of this very complete equipment 
studies and records have been made and charts of performance prepared 
and other valuable data accumulated, much of which is new, as many of 
the observations, we believe, were never before undertaken. ‘The investi- 
gations with the active type of gyroscope are in a new line of research; the 
results obtained are important in point of much more perfect control of 
the ship’s roll than heretofore possible. 

Captain Taylor has prepared a very full report upon this work forming 
a part of which is a forty-page appendix in which he treats the question 
in a most masterly manner under some sixteen heads. In this most unique 
and valuable work, Captain Taylor has given an original mathematical 
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treatise on practically all the phases and bearings of this question, including 
an original investigation of the underlying phenomena of the gyroscope 
itself. It is of the greatest value to this important art that its problems 
should have come under the observation and been reviewed by so able a 
mathematician, experienced in all branches of experimental research, and 
fitted by long training to judge of the practical bearings of the results extend- 
ing, as does this experience, to the very largest undertakings and structures 
in marine work. To give some idea of the great amount of work involved 
and also of the abstruse character of this work, I take the liberty of here 
reproducing (Plate 57) an isolated page of Captain Taylor’s forty-page 
treatise above referred to. It is to be hoped that the author himself may 
be prevailed upon to give the Society a paper including this valuable treatise. 

The practical effect in operation of the active type of gyroscope is to 
secure a large reduction of weight over and above that possible with the 
passive type. One of the reasons for this becomes apparent from the action 
of the pendulum which we have canvassed. With the smaller angles of 
roll, the gyroscope would have to be large enough so that its small angles of 
response would develop the required energy for extinguishing or still further 
reducing the roll, complete extinguishment being impossible; whereas with 
the active type the full 180 degrees oscillation of the gyroscope is always 
available, where required, for the extinguishment of large or even the 
smallest angles of roll as necessary. Thus an extremely small machine, 
taking advantage of the larger angles, between twenty and thirty times 
as large, is sufficient to accomplish this purpose. 

Plate 58 illustrates three curves, one at the top giving the number 
of oscillations of the ship’s model before it was brought to rest by the natural 
friction, having been originally tilted to 25 degrees to one side of the center. 
The shorter or central curve illustrates the number of oscillations of the 
_ model with the gyroscope acting passively or on Dr. Schlick’s plan, the 
several rolls of smaller magnitude at the end being omitted where the pas- 
sive type of gyroscope failed to respond; and a still shorter curve at the 
bottom shows the number of oscillations of the ship in being brought to 
rest, absolute freedom from motion being possible by the same gyroscope 
when operated actively. These are among the interesting results reached 
in the investigations referred to above. . 

When the motive power of vessels changed from an upsetting force 
to one almost exclusively of forward thrust, the design of ships underwent 
quite radical changes in connection with lines affecting the stability, decreas- 
ing this factor and favoring decreased resistance, aiding the attainment 
of higher speeds. Now that stability may be imparted to a structure of 
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naturally small righting movement, and, as is well known, even to structures 
in unstable equilibrium, it is possible that we are on the eve of even more 
radical changes in design. Ships may now be designed that are practically 
free from those ballistic qualities which favor rolling structures to which 
unequal sea pressures easily impart motion need no longer be employed, 
as a comparatively small gyroscope which can easily be present in duplicate, 
may very readily hold them practically free from rolling motions in such a 
way that ordinary seas will have little or no effect upon them, while an 
exceptional wave will have only a temporary effect. It has been suggested 
in connection with such vessels that they need not pitch if of sufficient 
length; be this latter fact as it may, it is apparent that a point has now 
been reached and a situation created with reference to the resisting and 
prevention of rolling and motion of ships at sea that, to say the least, is 
interesting in many quarters. I heartily commend this subject to those 
who are interested in providing safety and comfort to passengers at sea, 
and as also preventing deterioration of certain classes of freight; for instance, 
live stock is known to suffer heavy depreciation in stormy weather. This 
is entirely outside naval uses especially as related to gunnery, trimming 
ships to secure level gun platform, suppression of recoil from broadside 
firing, and other uses. 

It is evident from what we know that the early workers were hampered 
by too close adherence to the earlier treatment of statical stability, and 
the direct effect of wave slope together with some other elementary factors, 
rather than the more practical considerations of the effect of movements 
of the ship, stresses involved, etc. 

In 1904 Dr. Schlick presented a paper before the Institute of Naval’ 
Architects. Accompanying this paper in the form of an appendix is a 
mathematical treatise of the theory of the gyroscope and its application 
to steadying ships. There seems, however, to be little in this treatise 
which we find useful in the practical application of the gyroscope, especially 
the active type of gyroscope, to ships. The eminent authority, Captain 
Taylor, in his report on this subject states of this treatise that it is a 
very elaborate mathematical theory but that it largely ignores practical 
considerations. 

The problem is a comparatively simple one, namely, of holding the 
ship against rolling by neutralizing with the gyroscope each disturbing 
influence as it reaches the ship while availing ourselves of all the aid possible 
through the design of the hull and disposition of the masses. With this 
end in view we do not yet know the best relation between these two 
factors. With the last adjusted to best fit the new conditions it is 
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believed that the gyro-steadying plant of the active type will be well within 
practical limits of space, weight and cost. Especially is this true when 
compared with the practical results of its operation. A great many ships 
as they now stand could with profit utilize the gyro-steadying gear of this 
class, which is at present available, and some important installations are 
now being contemplated. In this connection it is interesting to note that 
the weight of an active gyroscope for each degree of roll-quenching power 
on a modern battleship would be about one-tenth that of the submerged 
armor displaced, and cost much less, this being outside of the very impor- 
tant consideration of having the entire ship under control either auto- 
matically to extinguish roll or at the will of the commander with its many 
evident advantages. 

Referring to the use of the gyroscope as a compass, it is interesting 
to note that the possibility was first brought out in 1852 by Foucoult, 
who, after many attempts, succeeded finally in making up an apparatus 
so delicate and beautifully constructed as to demonstrate the working of 
the instrument in the short period of duration of spins of a small disc, 
the observations being taken through a telescope, the directive factor being 
only a fraction of that of the magnetic needle. With this difference, how- 
ever, that magnetism or the location and variations in the positions of the 
magnetic meridian have nothing whatever to do with its directive feature, 
and, in fact, it points to exact geographical north, not to magnetic north. 

About this time Foucoult took this apparatus to England and there 
aroused the greatest enthusiasm in scientific circles by exhibiting it in 
operation to the Royal Society. Hopkins in America, associated with the 
“Scientific American,” in 1878 made a small electrically driven gyroscope by 
means of which better and more persistent results were obtained. More 
recently, attempts have been made by a German firm to use mercury floats 
forsustaining the rotating wheel constituting a gyrostat which, inthisinstance, 
runs at the enormous speed of between 22,000 and 23,000 revolutions per 
minute, which has been considered by many to be impracticable. ‘Those 
familiar with the use of mercury in its mechanical and also electrical applica- 
tionsusually find it very unsatisfactory. At best itis a volatile liquid, sub- 
ject to many changes with differences in temperature, and, which is worse, 
is also subject to the phenomenon known as ‘‘sickening’’ which effects the 
surface and the mercury, and for some distance under the surface, altering its 
mechanical behavior and also its viscosity. The best engineering practice 
has for some years avoided mercury, drawing away from its use in every pos- 
sible way, and especially where electrical connections were involved, and 
substituting, in its stead, simple mechanical methods which are free from 
these serious objections. Working in this line I have found simple detail 
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by means of which the whole gyroscope proposition is reduced to a strictly 
mechanical basis easily within the comprehension of all and containing no 
unknown quantities and correspondingly easily dealt with. In the cases 
where the gyroscope is employed as a battle compass, the apparatus is 
placed below decks, and small instruments about the size of an ordinary 
compass are distributed in different positions on the ship, giving the exact 
indications of the gyroscopic compass itself. 

My work has extended to the point where action of such instruments 
can be controlled from the gyroscopic compass and distributed as desired, 
the indications being accurate to a very small fraction of a single degree. 
Many observations have been made indicating that they are accurate 
to thirty-six hundredths of an entire circle. Plate 59 shows a view of 
the battle compass as it is mounted on an artificial ship which gives all 
changes of heading, as well as automatic continuous roll and pitch to which 
the compass is continually subjected. Both roll and pitch may be varied 
at will as to angle and period. 

Plate 60 shows one of the receiving instruments for the binnacle or 
other position. It is found that this receiving instrument requires no 
cardian mounting and is equally accurate in any position, vertical or hori- 
zontal. Indications are held with the accuracy described following the 
master instrument instantly, and are very much more ‘‘dead beat” than 
an air compass for marine purposes, though they are not submerged nor 
is any liquid used in connection with them. Among the points never before 
realized is the automatic correction of the northerly or southerly component 
of vessels’ speed at sea, this correction being made between the gyroscopic 
compass and its transmitting member, in such a manner that the indica- 
tions received by the navigator and elsewhere about the ship are thus 
absolute and maintain true geographical north. 

A settling curve taken from my gyroscopic compass while in the opera- 
tion of being started in the east and west position and brought up to about 
4,000 revolutions per minute only shows the instrument to reach true north 
in 34 minutes; at normal speed the directive force is about 6,600 times 
that of the compass needle. 

It is felt that the navigator has now at hand a most desirable aid and 
one that greatly simplifies his work. 

It will be understood that this type of compass is not affected in the 
slightest degree by the steel of the ship, or cargo, nor any magnetic dis- 
turbances in either; neither should shifting cargo, turning turrets, gun-fire, 
nor the striking of a ship by a shot disturb its accuracy or reliability, nor 
is it affected in the slightest by those disturbances technically known as 
deviation or variation. 
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DISCUSSION. 


After the reading of his paper Mr. Sperry gave an exhibition of stereopticon 
views illustrative of the paper, after which, by means of a model in the shape of 
two tripods, with a pendulum beneath a small gyroscope, the paper was further 
explained by the author. 


A MEMBER :—In operation, is the gyroscope confined vertically ? 


Mr. SPERRY:—Oh no. Itis pendulus and holds the plane of the axis of the 
earth with great accuracy. 

I will now show you the model. (Illustrates by the use of the model.) 

The conclusion of the paper and stereopticon views was received with great 
applause. 


THE CHAIRMAN :—I certainly think, gentlemen, this paper deserves a hearty 
vote of thanks, and on behalf of the Society I tender the same to Mr. Sperry, and 
we stand adjourned until 2 o’clock this afternoon. 


AFTERNOON SESSION. 
The Chairman called the meeting to order at 2.1 5. 


THE CHAIRMAN:—I think, gentlemen, that we have rarely heard a more 
interesting paper than that of Mr. Sperry on the gyroscope and in your behalf I 
wish to renew our thanks to Mr. Sperry for his excellent illustrations. 

The next paper is now before you, “Comparative Results in Steam and Coal 
Consumption with Turbines, Reciprocating Engines and a Combination of the 
Two on the Steam Yacht Vanadis,” by Mr. Clinton H. Crane, Member. 


COMPARATIVE RESULTS IN STEAM AND COAL CONSUMPTION 
WITH TURBINES, RECIPROCATING ENGINES AND A COM- 
BINATION OF THE TWO ON THE STEAM YACHT VANADIS. 


By Ciinton H. Crane, Esq., MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, 1910.] 


The steam yacht Vanadis, whose particulars are— 
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was built on the Clyde at the yard of Messrs. A. & J. Inglis, from the designs 
of the writer, and delivered by them in the spring of 1908. 

The propelling machinery consisted of the usual arrangement of Parsons 
turbines with a high pressure center and two low pressures driving the wing 
Screws. 

The guaranteed speed of the vessel was 154 knots maximum, with a 
cruising speed of 13 knots, which was to be obtained on a guaranteed 
consumption of 26 tons of coal per 24 hours. 

At the time the vessel was designed several turbine yachts had been 
constructed, no one of which had shown economy in coal consumption, so 
that very special stress was laid on this question of economy at cruising 
speed. As a consequence the turbines were designed primarily with this 
end in view. 

Particulars of blading as follows:— 
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S. Y. VANADIS.—DETAILS OF TURBINE BLADING. 


Turbine. seeete a ape Be ecde oe ee cue 
One high pressure............. 33” 4 518 £’ 120B ¥ ROS 
18 %” 120B 18” .03” 
18 1}” 120B tl? 035” 
18 1p” 130B 1}” .035” 
30 rows of contact dummies, }” section, 3” pitch. Dummy drum diameter 32”. Dummy clearance .o1 5”. 
‘Two low pressures.... .......- 44” 9 R" 120B z" .035” 
9 a 120B He” 035” 
9 1}” 120B i? 04!" 
9 1}” 130B 1}” 05” 
8 24" 130B 1p,” 055” 
8 3h” 130B 13” .06” 
8 Gy! 130B 1” .06” 
8 ey? 130B 1}” .06"5.W. 
22 rows of contact dummies, }” section, 3” pitch. Dummy drum diameter 403”. Dummy clearance .02”. 
TiO EIR acocsooouccaodn00e Bol 10 ys” 120B 1}” .04” 
10 ¢" 120B 14” .05” 
10 1p” 130B 1%” .06” 
10 1}” 132B 14” .06” W. 


6 rows radial dummies, }” section, }” pitch. Dummy drum diameter 3of”. Dummy clearance .02” 
per side. 


The owner reported that the vessel was consuming very much more 
coal than the guaranteed amount, in fact, so much more that the steaming 
radius was most inconveniently short, the bunker capacity of 300 tons 
having been based on the coal consumption guaranteed with a safe margin 
for bad coal, foul bottom, etc. 

At the writer’s request an exhaustive series of tests was run in the 
autumn of 1908, after the turbines, propellers, condensing plant, etc., had 
been thoroughly overhauled to the approval of the New York representative 
of the Parsons Marine Turbine Co. During these tests Mr. H. B. Anderson 
and three assistants were present on behalf of the Company, the writer 
and staff from his office on behalf of the owner. 
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The method adopted for coal consumption test was to bag and weigh 
coal as it was needed. 

Canvas bags with a capacity of about 200 pounds were used. ‘These 
were filled in the bunkers and weighed by spring balance in the engine-room. 

The usual precautions of calibrating balance, recording condition of 
fires at beginning and end of test, measuring water glasses and bringing 
boiler pressure to the same point were of course taken. 

After the first eight hours two fires were cleaned each watch and the 
ashes pumped overboard through the ash ejector. All the usual auxiliary 
machinery was in use, ice machine being run about ten hours, sanitary 
pumps, dynamos, etc. 

I append a tally sheet of two of these tests which shows how the weights 
of the bags varied. At the same time we made water measurements to 
help us determine whether the failure in economy was due to faults in the 
boilers or the machinery. 

A water meter was installed but the results seemed so unreasonable 
that a check method was used by pumping all the condensed water by 
means of one of the feed-pumps which was controlled bya float in the hot 
well through a hose, and the output measured in barrels, the other feed- 
pump meantime feeding the boilers from the reserve tanks. 

The Vanadis propellers had been partially standardized on the Clyde 
and several runs had been made in Glen Cove to determine the required 
number of revolutions to 13 knots. In the following spring, however, a 
complete standardization test was run at Provincetown, the various records 
of which are appended. 

It will be noticed that the best test showed a consumption of 33 tons 
or 27 per cent. more than the guarantee. In view of this unfortunate 
condition it was possible to do one of three things:— 

1. Lengthen the vessel to increase bunker capacity. 

2. Remove turbines altogether and replace by twin reciprocating 
engines. 

3. Remove the center high-pressure turbine and replace by a recipro- 
cating engine, exhausting into the two low-pressure. 

No. 3 was decided on. ‘The contract for this alteration was let to the 
Staten Island Shipbuilding Company, and completed in January, 1910. In 
May following the vessel was run without propellers on the turbine shafts, 
being driven by the center propeller only, over the Glen Cove course, and 
subsequently a 4-hour water consumption test was run at the revolutions 
required for 13 knots. The vessel was then re-drydocked and the turbine 
propellers fitted to the wing shafts, and in July of the same year the com- 
plete standardization coal and water tests were run in the new condition. 
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In these latter two tests the water was measured in large sized measur- 
ing tanks in the engine-room, horse-power readings were taken, and the 
horse-power curves are shown in the appendix. I also show the speed 
revolution curves in the various conditions, and the slip curves of the three 
propellers. 

There were present at these tests, in addition to the writer and members 
of his staff, Mr. George Cormack, Secretary, New York Yacht Club, and 
Mr. Ralph B. Strassburger to whom the writer is indebted for bridge obser- 
vations, also Mr. George H. Bates and staff from the Staten Island Ship- 
building Company to whom he is indebted for assistance in the engine-room. 

I wish to call attention to one matter of interest in these slip curves, 
that even at aconsiderable negative slip the wing propellers are still devel- 
oping some thrust, as shown by the fact that the vessel is obtaining more 
speed per revolution with the turbine propellers working than without them. 

I should also like to call attention to the indicator cards taken with 
the engine exhausting into the turbines and when exhausting into the 
condenser, and particularly wish to direct attention to the compression line of 
the low-pressure cylinder when exhausting into the turbines. 

The summary of the coal and water consumption results of the three 
types of machinery is appended below. In measuring the water the steer- 
ing engine steam is included, as it was always exhausting into the condenser. 
In estimating the amount of water used by the auxiliaries I have used a 
series of tests made at anchor of these auxiliaries. Apparently in the 13- 
knot condition with the combination, the propelling machinery is using 
about 143 pounds per indicated horse-power, with the reciprocating engine 
alone about 17 pounds, and with the turbines about 20} pounds. I say 
“about” because the indicators do not strike me as giving an absolutely 
truthful account of the amount of power—notice the irregularity in the 
way the spots run on the indicated horse-power revolution curve. 


MACHINERY. 


Boilers: —Ywo, single-ended Scotch, 16’0” diameter, 11’9” long. Four 
furnaces, 42” diameter, each boiler 81 square feet grate. 
Heating surface, 2,761 square feet each boiler. 

Engines (Trials of October 5 and 6, 1908, to October, 1909) :—Triple 
screw turbines. High-pressure turbine on center shaft and one 
low-pressure turbine on each side shaft. 

Trials from January, 1910, on: One triple expansion reciprocating 
engine, on center shaft-cylinders, 18?” X29” X 45”, stroke 26”, and 
one low-pressure turbine on each side shaft. 
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AUXILIARY MACHINERY. 


Blowers:—Two 25” diameter Sirocco blowers, and direct connected 
electric motors, delivering 16,000 cubic feet of air per minute 
against pressure of 24” of water at fan; connected to double front 
of each boiler through steel casing. 

Dynamos:—One 25 K. W.—Turbine-driven dynamo, running at 3,600 
revolutions. One 15 K. W.—Direct connected dynamo, running 
at 400 revolutions. 

Ice machine:—One J. & E. Halls No. 6. 

Steering engine. 

Evaporator of 7 tons capacity. 

Circulating pumps:—Two centrifugal pumps, directly connected to 
independent engines. 

Ai pumps:—Two Blake single acting beam air pumps, 12” X22” 15”. 
_One of these pumps was removed and an Edwards type driven by 
"links from the horse- -power crosshead was installed with the center 
engine. 

Feed pumps:—Two Blake simplex, 12” x 7” x 16”. 

Donkey pumps:—No. 1, Blake vertical duplex, 8” x 6” x 12”. 

No. 2, Blake vertical duplex, 9” x 6” X 10”. 
No. 3, Blake horizontal duplex, 54” x 34” x 6”. 

Tank pumps:—2 Blake horizontal duplex, 43” x 33” x 4”. 

1 Blake horizontal duplex, 3” x2” x 3”. 
Ou pumps:—2 small Weir oil pumps for lubricating turbine bearings. 


PROPELLER PARTICULARS. 


3 turbines, diameter, 4’ 5”; pitch, 3’ 6”; area ratio, 47 per cent. 
Center engine, diameter, 9’ 6”; pitch, 10’ 6”; area ratio, 4o per cent. 
2 wing turbines, diameter, 4’; pitch, 3’ 3”; area ratio, 45 per cent. 
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SUMMARY—COMPARISON GLEN COVE AND PROVINCETOWN, MILES. 
a 
2 Mean Displace- | R. P.M 
Type machinery. DES: Goltse: draught. | ment, tons. | 13 knots 
3 turbines—mean of 3......... -Oct. 5, 1908....| Glen Cove....| 12/9” 1,506 453-5 
3 turbines—mean of 3......... May 7, 1909....| Provincetown.| 12/3}” 1,436 453-1 
BMI Gb 7o ocncgocesovccsane May 20, 1910...| Glen Cove....| 12/6” 1,467 153.0 
Combination engine, turbines— 
MECATNOM2 meee cele July 12, 1910...| Glen Cove....} 12/63” 1,474 140.5 
443.0 
Engine, turbines—mean of 2.... July 13-14, 1910.) Provincetown.| 12/3)” 1,436 139.0 
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SPEED REVOLUTIONS, PROVINCETOWN, May 7, 1909. 


~ Number of run. 


UWoodaocacgcaocodac 9 


Mean of 21 and 22. 


Revolutions per minute. 


Mean 
Speed revolutions Remarks. 
3 Center Port Starboard | of three. 
turbine. | turbine. | turbine. 
15.789 586.8 639.5 604.0 610.1 By-pass open about 
: 34 turns. 
16.143 582.5 650.0 615.0 615.8 
Ho) Icaancovedevcon0dedooocoodddac 612.9 
16.071 570.0 671.1 636.9 626.0 By-pass open 3% 
turns. 
WOON ilboadcoahidbasaccoodboogoatabec 640.0 
UWOAW MSvocccocdhocoseoe dooce od.oucen 633.0 
15.859 573-6 638.1 610.5 607-4 Boat was lightened 1 
inch before these 
16.438 558.4 665.1 632.2 618.6 runs were made. 
— By-pass open 34 
HOG [Boscvsoadponsocastboosccana0e 613.0 turns. 
16.107 576.4 658.1 623.3 619.3 By-pass open 34 
turns. 
16.071 574-5 607.1 644.6 608 .7 
IMO) looonosondlocccoccoulpnooscaoacd 614.0 
15.158 560.0 603.0 556.0 7B lococoacenaanooovadae 
15.190 557-3 589.0 554-7 FE7@ lpcavcdascagcosave00es 
RHEL |boocasondjaccccqbslboocccc0K0c GO) lboooonocgoccccdso00s 
15 .037 538.0 573-0 538.0 YOQ6G |bcacacascaccoossascne 
14.694 543-6 570.6 536.3 G@s2  ocoasooadsuuco0doo5oc 
WAI looacoccadsosgoooce Jacececeeeee Ly. C50: in PIOoIOISamIcO COG Sa conan 
14.643 513-3 535-2 500 .O GOD logo doodousncanooncce 
13.980 512.4 541.6 503.1 GEO oosndoaccogaccgncag 
WIEROR No ona acacdotov0gad socgndtcadas Gu7k  llocooonascnocogasoone 
13.873 473.8 491.1 455-3 LGGox% lavage doadsogavg0de. 
13.139 477-3 499.2 465.3 AX) |boooovesoondcc0a0008 
NGF |edacadcadhoascdondpooacvo0dcc OGL lboosanaconnocanas0en 
12.973 436.7 446.7 406.8 AE@at  |baccooongo0000000000 
11.862 432.6 441.5 406.9 LD)  \loooconcocono0boadD0~ 
WA oA Ian goadodoaanoon dimaooovopcae MAGS ~ laacoonpanondongoooe 
11.921 386.6 385.6 356.8 Briss llsoocadoococ0cnsag0dd 
10.370 384.4 383-5 353-5 B7Basd  lacacoogooonnonanobos 
UNIV! lbooodaacdocadocsacdeocosdsodgos BUSell  |lecocceooansc0000000¢ 
9-904 309.0 303.2 282.7 ABag)  |lscooccocadoopocodes 
8.410 309.0 316.0 294.0 GOGeB  |pcodorvovoconsoo0agce 
QolkG7, |oococcoddleccsosvodoovocsaves TOWES. - lloaacaooosnvecanadgoe 
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TWENTY-FOUR Hour CoAL CONSUMPTION TEST, OCTOBER 5 AND 6, 1908. 


Bag | Weight,|| Bag | Weight,|| Bag | Weight,/| Bag | Weight,||) Bag | Weight,|| Bag | Weight, 
No. | pounds.|| No. | pounds.|| No. |pounds.|| No. |pounds.|| No. | pounds.|| No. | pounds. 
f 

I 167 26 182 51 162 76 153 101 170 126 190 

2 166 7 189 2) 173 7 192 2 192 a 186 

3} 166 8 177 3 169 8 156 3 189 8 189 

4 168 9 177 4 167 9 159 4 169 9 174 
5 158 30 177 5 162 80 141 5 178 130 162 

6 152 I 164 6 175 I 158 6 182 I 172 

ai 160 2 186 7 159 2 151 7 188 2 135 

8 154 3 150 8 165 3 154 8 187 3 183 

9 148 4 140 9 165 4 152 9 172 4 185 
10 153 5 155 60 165 5 168 110 176 || 5 180 
I 150 6 169 I 171 6 160 I 185 6 190 

2 150 7 174 2 162 7 154 2 177 7 194 
3 133 8 166 3 181 8 168 3 176 8 187 

4 168 9 169 4 167 9 165 4 178 9 168 

5 163 40 169 5 160 90 158 5 186 | 140 193 

6 162 I 165 6 167 I 169 6 184 I 188 

5) 163 || 2 175 7 157 2 158 7 192 2 184 

8 175 3 164 | 8 167 3 170 8 174 3 180 

9 152 4 176 9 162 4 164 9 179 4 185 
20 157 5 161 70 165 5 158 120 181 5 175 
I 168 6 173 I 163 6 177 I 176 6 190 

2 170 ii 162 2 157 7] 183 2 165 5] 193 

3 173 8 158 3 155 8 178 3 164 8 175 
4 168 9 162 4 163 9 174 4 183 9 186 
25 173 50 176 75 162 100 180 125 168 150 183 
Total..| 4,017. || Total..| 4,216 || Total...) 4,121 || Total..| 4,063 || Total..| 4,491 || Total..| 4,577 
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TWENTY-FOUR Hour Coal CONSUMPTION TEST, OCTOBER 5 AND 6, 1908— 


Continued. 
Bag | Weight,|| Bag | Weight,| Bag | Weight, Bag | Weight,|| Bag | Weight,|| Bag | Weight, 
No. |pounds.|/ No. |pounds.|! No. | pounds./| No. | pounds.|/| No. |pounds.|| No. | pounds. 
151 180 176 193. 201 194 226 186 251 154 276 168 
2 192 7 185 2 202 7 185 2 179 7 165 
g 187 8 185 3 212 8 183 3 159 8 173 
4 207 9 175 4 199 9 170 4 156 9 175 
5 175 180 176 5 207 230 188 5 157 280 154 
6 205 I 146 6 217 I 181 6 163 I 160 
7 192 2 180 |; 7 200 2 176 7 171 2 172 
& 205 3 164 8 203 3 168 8 167 3 170 
9 192 4 180 9 185 4 165 9 168 4 182 
169 194 5 180 210 180 5 168 260 169 5 171 
I 193 6 145 I 190 6 154 I 17/3} 6 175 
2 193 7 165 2 176 ai 169 2 164 7 157 
3 192 8 178 Zu) eros 8 153 3 163 8 163 
4 181 9 185 4 180 9 170 4 170 9 173 
5 160 190 180 5 198 240 164 5 165 290 167 
6 180 I 170 6 200 I 142 6 162 I 160 
138 2 175 7 214 2 131 7 165 2 162 
8 188 3 185 8 205 3 149 8 170 3 173 
9 190 4 168 9 208 4 146 9 167 4 166 
170 185 5 180 220 182 5 164. 270 168 5 174 
I 187 6 195 I 177 6 160 I 184 6 170 
2 192 7 195 2 183 a] 162 2 177 a 166 
3 179 8 193 3 183 8 150 3 172 8 170 
4 180 9 193 4 183 9 161 4 165 9 156 
175 176 200 194 225 185 250 164 275 173 300 182 
Total.. Wace Total...) 4,563 || Total.. Pare Total..) 4,109 || Total..| 4,181 || Total...) 4,204 
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TWENTY-FoUR Hour Coat, CONSUMPTION TEST, OCTOBER 5 AND 6, 1908— 


Continued. 
Bag | Weight,|| Bag | Weight,|| Bag | Weight,/| Bag | Weight,|| Bag | Weight,|| Bag | Weight, 
No. | pounds./| No. | pounds.||) No. |pounds.|| No. |pounds.|} No. | pounds.|| No. | pounds. 
301 190 326 174 351 175 376 170 401 186 426 170 
2 165 7 | 176 2 161 7 190 2 179 7 157 
3 173 8 176 3 166 8 184 3 184 8 168 
4 167 9 178 4 157 9 180 4 190 9 175 
5 160 330 180 5 177 380 190 5 177 430 175 
6 173 I 196 6 168 I 172 6 190 I 177 
7 184. 2 180 Gi] 168 2 180 7 188 2 157 
8 188 3 175 8 178 3 176 8 181 3 184 
9 185 4 188 9 180 4 185 9 182 4 177 
310 198 5 185 360 171 5 190 410 173 5 175 
I 188 6 161 I 172 6 190 I 182 6 176 
2 190 a 185 2 175 7 190 2 184 7 186 
3 183 8 170 3 170 8 176 3 186 8 182 
4 193 9 168 4 164 9 185 4 177 9 169 
5 180 340 174 5 163 390 180 5 -192 440 180 
6 I9l I 175 6 175 I 185 || 6 184 7 170 
175 2 157 7 172 2 190 7 171 2 177 
8 190 3 160 8 178 3 184 8 184 . 443 168 
9 166 4 168 9 163 4 180 9 175 Total. .| 3,123 
320 178 5 183 370 168 5 187 420 189 
I 188 6 168 I 186 6 172 I 175 
2 185 7 170 2 187 7 187 2 171 
3 168 8 185 3 178 8 183 3 185 
4 182 9 172 4 172 9 186 4 173 
325 168 359 176 375 174 400 177 || 425 156 
Total..| 4,508 ||Total..| 4,380 || Total..| 4,292 || Total..| 4,579 || Total.. 4,534 
| 
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TWENTY-FOUR Hour Coa, CONSUMPTION TEST, OCTOBER 5 
AND 6, 1908—Continued. 


Bag Total Bag Total 
No. weight. No. weight 
A ee Oa cha eee TG 4,017 Brought forward 1-325...) 56,671 
ATO cdncdcacanare-g010 80 or 4,216 BASANTOn on oc ein Hit oder dae 4,380 
Pre aG eye ar veep even mcresvevetnsich evar os 4,121 ACSA) Gie Geary tunes Hate 4,292 
FO—LOOR iva cctnior atts ky he ysis 4,063 BOA OOM nance ternenen te ese; 4,579 
TOL UI5 eae seen nsec 4,491 MOT AZ 5 ir iris Kreeehos “nee 4,534 
UWAG=NFO, so oadooudaoag ote s 4,577 AO OT AAG Serene ete incase) aie) use oee yu 
UGU=UA Fo cosoasoccdnedooouy 4,663 Coalibagss serniecdae ee ta 77,579 
7 = 2 OO wosparsereeaelo shore eco 4,563 IDAGCIMGE HOF AGS; 55000cc00ds 886 
AOQUSPAZsossscocsvoovdsssove 4,958 76,693 
TAS TOMN Soa aee bce Goer 4,109 Cogill Orn HOORS.sccccncocsces 125 
AGTKD 7500 s5005600000800 005 4,181 76,568 
PAKS Olena ra GH EO DAO OPE 4,204 Allowance for thicker fires... 568 
QOU—GOGs casaoearacsauss oon 4,508 otaliicoall ate near een mGOo0) 
“ho talyt= 325i Roan Tons for 24 hours.......... 33.92 
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‘Twenty-Four Hour Coat, ConsuMPTION TEST, OCTOBER 5 AND 6, 1908. 


Revolutions per minute. 
Averages. 
Starboard. Center. Port. poauiel cite 
orendrolythehourse rae eee 446.3 456.2 468 .9 457.1 
IG) GG! GT Sida WOE, snoceaccadavescgdes 448 .4. 451.1 466.7 455-4 
clonendsoler2thyhottrees seem eerie 446.4 450.0 461.9 452 
TO SaGl OF UGA OW scccacgacsu0dGsoce 435-7 446.9 454.0 445-5 
WO GHG! OF AGW ICH. cosccsccecovsoevcr 423.2 432.2 444.0 433-1 
IO GHGl OF DAN MGW oconaccanaccooccce “457-9 457-8 476.0 463-9 


Average revolutions of three shafts for twenty-four hours =451.3 per minute. 
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WatTER TEST.—PROPELLING MACHINERY AND ALL 
AUXILIARIES. 


Start at 2.00 A. M. Temperature of sea 64°. 


Temperature of water 65°. 


Number of | Weight, Number of 
barrel. pounds. barrel. 
Siemmacicas 403 Severo teste 
Beles tarcreys 403 BMtaieyaent ects 
(ae oretiog 420 eocio.cloae0 
Te hartasicte 402 jGunimeronie 
QNhvaietes suchen 410 Ohi eee 
AS veNeac ote 395 Ne cep rae 
Cocca mess 370 Co eietcheres ns 
Galen aera coe 415 Bergh choscicheh 
Gosoancdes 420 @ceodmoavas 
Meee nents 395 Wretcehe shevecere 
node occ 412 Zhen tects 
“A erer Vane) tones 330 Ala eoyerottests 
Grenianane 410 Bicteicreeyeiers 
Bis eis cre 410 Biepteeeaes 
oe ucdoce.s 423 Gives 
Dyeisaeoents 397 Ghee ieee 
Asc ancsoo 410 Hommpactes 
ASAT eanNe pea 330 Bfesisteue isi 
7155 


Weight, Number of | Weight, 
pounds. barrel. pounds. 

410 onc 60-600.0 403 
418 Boa oovodoe 410 
412 @cpocoanoo 418 
415 inaes Goo 412 
400 Dri Ry to wietots 410 
421 Jloavacacon 418 
403 Sea aeons 405 
405 Beudoaaoos 410 
415 Boooosooad 405 
420 Loner nas 400 
410 2y60100d5.000 410 
430 Mogu0oecos 385 
408 Honsccaccs 408 
420 Ronoeasko 415 
430 @ooosa'sepo 410 
390 Roooooggox 408 
412 oleae saan 404 
_356 Mlansocagns 430 
71375 71361 
71375 

71155 


Starboard 
Center 


21,891 + 3 = 7,297 X 4 = 29,198 pounds per hour. 
Finished test at 2.45 P. M. 


Revolutions of turbines. 


> 

n 

fon) 
Wey (8) 19) 225 
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WATER TEST.—PROPELLING MACHINERY ONLY. 


Start at 10.11 A.M. Temperature of sea water. Temperature of water 85°. 


Number of | Weight, || Number of Weight, 
barrel. pounds. barrel. pounds. 
Saocosqess 380 Wocvadoo0d 400 
Sooaosone 395 Bosdooogac 418 
Qoocgdodds 410 Odosbooaas 415 
nogouseen 400 Bap beneode 403 
2a hayenaveteltls 410 Guesaenome 430 
Meaoooones 385 Moosaoosce 430 
Scoaeeacce 383 Wasdecc0ao 400 
Bivencleeteysieye 395 De orete nin 415 
@poovisin db 420 Asssnandes 430 
seb o Gaon 375 tS yausvclenteneareie 385 
Aogbcon pun 420 Byer secicnc eer 430 
Gosoooados 402 Guooosoeurn 426 
Oro nearer 407 Teese aeesis 415 
Siac bo oes 413 Diy: meena 420 
Oooneceade 418 frooococane 151 
6,013 5,968 
6,013 
Motalseneyeniesearr tartan eue 11,981 
2 
Pounds per hour,................ 23,962 
Finished at 10.41 A. M. 
Revolutions of turbines. 
Starboard aera emicnacma ie chet 443.5 
Gen terniraciascc ets s ioe ace ae a eee ea 456.0 
EB Ont iiperiserieek ersiei eee ee Da 462.9 
Mean revolutions. ................0..e000. 454.2 
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SPEED AND REVOLUTIONS, GLEN COVE, MAY 20, IgIo. 
Revolutions 
Number of run. Speed, knots. | per minute, Remarks. 
main engine. 
She Ne Grete ery oA ue NORER ACL On IST RSD 12.91 153-1 Runs 1 to 12, inclusive, made with 
center engine only; no propellers 

ole Dies GETS CRE BODO OO Oo GU OCuG 13.08 152.4 on wing shafts. 
VavovoasabovicagoootpadooDn 12.94 KGa soo oo omecodadgaoavacHcoascoouooodseo’ 

Mean of 1, 2 and 3......... 13.002 6.8 tenis 2s joan gts Napagh can enesa iste tahie ccaneieee OTROS 
MG cobeseesOGodanNe dod ooup. 12.245 Whee "Iboaomasiapoe conoconoqoonadduaaotonose 
Je cooogc0csgvoogoUDD00GGR0D 12.34 WI lbogaconcootacnpooneconaDOQODOOOONSOEC 
Gooopooavavddcoccvoopegedous 12.60 WIG)  |baconsoacundadsoncoenensounoooasouCS 

Mean of 4,5 and 6......... 12.381 MIG) llbdouonanononocoacnaddcodoocavabo00nc 
PacongsoupsooqodouDoiaaDdOn 11.18 WAR  llcocvannvoocnoatunsnoodadHooaDODnOOODD 
RoododcoscocoonUD bono adonOd 11.41 WL. [ISaoapooododoNoODUABdoOoOOOSOOUIDDSONS 
Ossocacconodesooocnpo0soene 11.12 IG) § lpoonqgacoucoododooOmoooodacodasD T0069 

Mean of 7, 8andg......... 11.28 TAS Lye |” iicreseveyeoscvclons oye veteroneten svar emextarevarnt net net terete 
Myon soo oo00OsooODINRD00NNS 8.70 OBA) —-s ovadniavagsosoncnonoscoaonsooasnoso0s 
Miko goon oponNDoOdUONdOOCUSO 8.40 @Q9Io%} ls dadocoadopooobocNdsoNoo Gn AOD OONONO 
Win ascasessoeneooUe aL G0 9.30 TOT F2175 Wye nll ededoverecchsteteierencte mbevore ty ones olor siois ener 

Mean of 10, 11 and 12...... 8.70 Gas | sbosasaccanthoso Usdooqodocsacocanstd 
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MAy 20, I9gIo. 


ENGINE-ROOM OBSERVATIONS. 
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STANDARDIZATION OF SCREW OF RECIPROCATING ENGINE, GLEN COVE, 
List OF PRESSURES. 


Run number. 


Elapsed 
time. 


Seah H. P. 1, 1D Ib, Vacuum. 
165 155 55 13 27.5" 
165 155 55 12 Daf ois! 
165 155 55 13 27.5" 
165 155 55 13 27.5" 
165 158 58 14 27.35" 
165 158 58 14 27.25” 
158 125 45 8.5 27.257 
158 125 45 8.5 27.25" 
160 139 50 10 27.25!” 
160 140 50 10 27.25” 
160 140 50 10 27.25" 
160 140 50 10 27.25" 
165 108 32 3-5 27.5" 
165 110 32 3 27.5" 
165 110 33 3 27.5" 
165 110 33 3 27.5” 
160 110 32 3 27.5" 
160 110 32 3 27.5" 
163 56 6 —11 27.5" 
163 56 6 S55: 27.5” 
165 60 6 —10 27.5" 
165 60 IG oor Gs) 27.5" 
160 65 Mis =49 poh! 
160 65 II =. 8 27.5” 


*Ran beyond mile course, 


Course, 1.1 knots. 
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WATER CONSUMPTION TEST, MAY 20, 1910.—PROPELLING MACHINERY, 
STEERING ENGINE AND TURBINE GLANDS. 


39,398 + 38,901=78,299+ 4=19,577 pounds per hour. 


Starboard side. Port side. 

Time, start P. M. VERDE Reading. ee Time, start P. M. pas Reading peas 

G0 ynpoonesooodpsodsocel|besnocogdbocos000 dpedconooososancs0UnbunuoNDo|boccoopcd|oopoccbe 
GaiiJo0ogp000000 90 20 2,321 BUS Oncoacco00s 90 21 2,292 
GO—Bocoo psoas 90 19} 2,3174 D-Wncocaohoaus (elo) 20 2,285 
Wie WGooocacncond 90 18} 2,3104 MEXMoocoosodco0c 90 21% 2,295 
J@=iGesdacoocsne 90 20% 2,325 WiSGh ccooo codes 90 20} 2,288 
[SeMocascosovde 90 18} 2,312 4-8-44.. 0-00 eee 90 21 2,292 
HE=Brocascoscace go 19 2,314 DIAN ocanoonGod 90 20} 2,291 
GO—BViadooano0nc0 (ofo) 20% 2,322 Sp Boooabecn006 90 20% 2,290 
AA—\ictelevelekelsickelais 90 18} 2,312 RAG ocooocdapod 90 20} 2,291 
Eo conascese0 go 194 2,318 BHEPAsaoaccc0a06 90 20} 2,291 
5-13-30... .--- ee 90 19 2,314 ZO—ASieledetercteyeleierer= go ait 2,293 
ZO—Ol\eferelevelevalsnceen 90 194 2,317 BGscooosc00c0s 90 21 2,292 
OPBoosvosc006 d 90 19 2,318 AS 0006000056 90 205 2,291 
SG —2Anretclersteletaletel: 90 21 2,328 6-3-28...-+-+---- 90 20% 2,290 
6-10-36.......... go 19} 2,320 7a qoD000009 90 214 2,295 
AGP sdo0ac00000 90 184 2,310 G19) ooaanooded 90 20} 2,291 
Gao os ooondode 90 19} 2,318 4O-10.......00es go 20} 2,291 
53-28. ........-- 90 20 2,321 7—O—Osivrelelerahsts yokes: 90 14 2,243 
Starboardatank-enecrir istics eistten trates 39,398 Pontitarike co Acepcteusersrett ioe ne ere creas 38,901 
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WATER CONSUMPTION TEST, May 20, 1910. Four Hours’ ContTINUOUS 
RuN AT FuLL SPEED. PROPELLING MACHINERY, STEERING ENGINE 
AND TURBINE GLANDS. 

ENGINE-ROOM OBSERVATIONS. 


Run. | Time, P.M.| Revolutions. Se Mee H. P. it, 12, L. P. | Vacuum. 

East....| 3-0-0 TAAO2 Tm irecceuerereetorarens 165 145 62 13 27.0” 
15-0 747,220 152.8 165 155 63 14 26.8” 

30-0 749,515 153-0 163 155 63 13 26.7” 

45-0 751,808 152.8 165 155 65 13 26.8" 

4-0-0 754,100 152.8 165 157 65 13.5 26.9” 

15-0 756,372 151.4 | 160 153 60 13 26.7” 

30-0 758,650 151.2 165 156 65 13.5 26.9” 

45-0 760,942 152.8 165 157 65 13.8 26.9” 

West.... 5-0-0 763,201 150.6 157 153 60 12.5 26.8” 
15-0 765,453 150.1 160 155 62 13 26.9” 

30-0 767,745 152.8 161 155 62 13 26.8” 

45-0 770,050 153.6 163 155 65 13-5 26.9” 

6-0-0 772,355 153-6 163 156 65 13.5 26.9” 

15-0 774,650 153.0 158 153 61 13 26.8” 

30-0 776,943 152.8 162 155 62 13.5 26.8” 

45-0 7795233 152.6 165 157 65 14 26.8” 

7-0-0 781,510 151.3 165 156 65 13.5 26.8” 

PAVETARE cr se aictets cucushoye stepaietauehetavaratens 152.25 162.5 155.2 63-3 | 13-3 26.8” 


Remarks. 


Steam to main engine, 
turbines dragging. 


Direct steam to main 
engine and turbines. 


Turbines with main 
engine dragging. 


Runs, 8 to 19 inclu- 
sive under regular 
steaming conditions. 


Regular steaming con- 
ditions, July 13, 


1910. 


178 COMPARATIVE RESULTS IN STEAM AND COAL CONSUMPTION. 
SPEED AND REVOLUTIONS, PROVINCETOWN, JULY 14, I9gI0. 
Revolutions per minute. 
Number of run. Speed, knots. 
Main Port Starboard 
engine. turbine. turbine. 
Pies ee seotelvseae oe 13.698 157-5 316.0 318.6 
oovanodsonvooncd Toad 13.091 156.1 309.2 313-5 
Mean of 1 and 2..... 13-394 156.8 312.6 ARR 
Beonononeovoso vUoGooD 14.610 161.0 487.8 500.0 
blogonoboodoodescgc05s 14.587 161.9 523.0 530.0 
Goumacouedopoocos geo 14.730 162.2 545-3 554-4 
Mean of 3, 4and 5.. 14.628 161.7 519.2 533-1 
Osaddnsocsobogsdedod oo 12.479 85.0 625.0 620.7 
Fooavebagodoogo00gDan 13.128 89.5 628 .2 635-9 
Mean of 6 and 7..... 12.803 2 626.6 628.3 
Bsoogdvovooooabacsans 13 .636 146.1 471.1 473.0 
Qaovoondv00od0H0000000 13.767 147-5 478.0 474-5 
I@sconnoacasocoonecac 13.550 145.6 470.4 468.1 
Mean of 8, 9 and 10 13.680 Bae 475-1 472.5 
ilsdige boansdaonsonoees 12.414 re207 403.3 402.2 
LQ gcbsaaeicnt apeete eter g toes 12.224 132.2 402.0 402.0 
UWBaanaavovoacvsoucexos 12.566 132.1 408 .1 404.1 
Mean of 11, 12 and 13 12.357 132.3 402.6 402.5 
iA Saf shanove tn stonet cai ISol se II .233 122.4 354-5 354-5 
UGsacaagoaadadoucsonge 12.016 124.2 362.4 361.4 
Naa clang prckora Amoco micrad ts 11.201 122.6 357-4 358.3 
Mean of 14, 15 and 16 11.616 123.3 359-1 358.9 
Wiascansocsooaouncous 10.345 105.2 278.5 281.0 
tos Hoon abesDHbeaaHd 9.326 105.9 276.8 277..6 
W@osnagnosonnesoonbes 10.390 105.2 278.2 280.7 
Mean of 17, 18 and 19 be 105.4 277-6 279.4 
NBs aie coocoodetacOdES 12.903 142.9 460.0 458.0 
PEla dim namo ooo dob ODE 13.636 144.0 462.1 459-7 
SBovonvnoovDCbDOCOGS 13.383 144.2 462.0 458.0 
Mean of 1a, 2a and 3a) 13.389 143.8 461.3 458.8 
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STANDARDIZATION OF SCREW, PROVINCETOWN, JULY 14, I9I0. 


LIST OF PRESSURES. 
; Vacuum. Turbine receivers. 
Siete. a Gan HP. | 1 P. | L.P 
Port. Starboard.| Port. Starboard. 
STEAM To MAIN ENGINES, TURBINES DRAGGING. 
TS SE 4-22-8 170 167 58 Il.5 27.5 Diy) oily Wl aaGincrner Get ia cash ettoce ae 
2N.W... 4-35-0 172 168 60 12 27.6 BiahiPulcamaasonmibeooneaaes 
DirEcT STEAM. MAIN ENGINES AND TURBINES. 
@ Shesoo08 4-06-4 165 158 57 II 28.5 28.3 +2 +2 
4 N.W 4-06-8 169 158 55 II 28.3 28.2 +5 +6 
§ SiBsosse 4-04-4 165 157 55 10.5 28.4 28.2 +5 +5 
TURBINES WITH MAIN ENGINES DRAGGING. 
6 N.W 4-48-5 167 {o} fo) —26 28.3 28.1 +22 21.5 
7 SE esi 4-34-2 169 fo) fo) SAVANE Rar. Sapo Ulla Seat +24 24 
REGULAR STEAMING CONDITIONS. 
8 N.W 4-24-0 172 165 65 19 28.6 28.4 +1.2 +1.3 
G) Si 9p5ou0 4-21-5 172 165 66 19 28.5 28.2 +1.3 +1.3 
10 N.W 4-25-6 172 166 67 18 28.5 28.2 +1.2 +1.1 
11 S.B....-. 450-0 163 135 46 10.5 28.2 28.0 —3.2 —3.1 
12 N.W 4-54-5 166 138 45 II 28.2 28.1 —2.8 —2.8 
1G) Sab ooos 4-46-5 177 137 45 11.5 28.2 28.1 —2.8 —2.8 
14 N.W 5-20-5 152 114 36 6.5 28.1 28.0 —5-5 —5.-5 
nG GH Becoon 4-59-4 155 114 37 6.5 28.2 28.1 —5.2 —5.2 
16 N.W 5-21-4 154 115 37 6.5 28 .2 28.0 —5.2 —5.3 
1 SY2odo0e 5-48-0 | 155 82 20 fo) 27.6 BT aOhie alee vicragem alba ese en bk 
18 N.W 6—26-0 154 81 19 oO 27.5 Dips QwiM allen Ck ceterarerceel | sucks Rete ecient 
19 S.E..... 5-46-5 156 83 20 fo) 27.5 OF) oe) ll idtarn oa eetal aka ble ances 
PROVINCETOWN, JULY 13, 1910. 
REGULAR STEAMING CONDITIONS. 
1a N.W 4-39-0 170 158 60 16.5 28.5 28.2 ariel! 2 
2a StH. 4-24-0 171 159 61 16.7 28.5 28.3 —.1 —.2 
3a N.W 4-29-0 170 157 60 16.8 28.5 ZAM Wve etapcrersceluusierers Oe ececs 
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TWENTY-FOUR Hour CoAL CONSUMPTION TEST.—REGULAR STEAMING CON- 
DITIONS, RUN PROVINCETOWN TO NEW LONDON, JULY 14, I9gIO. 


Bag | Weight,|| Bag |Weight,|) Bag |Weight,|| Bag |Weight,|| Bag |Weight,|| Bag |Weight, 
No. | pounds.|;} No. | pounds.|| No. |pounds.|} No. |pounds.|| No. |pounds.|| No. | pounds. 
I 160 31 158 61 160 gl 160 121 170 151 170 
2 170 2 160 2 170 2 160 2 190 2 aye 
3 165 3 140 3 150 3 175 3 210 3 176 
4 158 4 155 4 165 4 195 4 175 4 185 
5 155 5 150 5 180 5 185 5 155 5 182 
6 165 6 155 I 6 175 6 180 6 155 6 180 

150 7 160 7 200 ai 185 a 165 7 175 

8 155 8 185 8 195 8 195 8 175 8 180 
9 158 | 9 158 9 185 9 185 9 145 9 174 
10 158 | 40 160 vic) 175 100 170 130 170 160 175 
I 165 |, I 155 | I 185 I I 170 I 200 I 173 
2 150 | 2 160 2 168 2 185 2 185 2 180 
3 158 | 3 130 3 190 3 180 3 170 3 195 
4 158 4 160 | 4 195 | 4 200 4 165 4 200 
Spe eerezh tts ll exes eer (Sal ex7Om Ils | Bs | 205 5 | 150 5 |e 
6 150 || 6 158 | 6 190 || 6 180 6 145 6 190 
7 168 | 7 170 || 7 180 | 7 170 7 150 7 180 
8 170. || 8 165 8 200 8 185 8 170 8 185 
9 ro | 9 160 9 200 || 9 200 | 9 145 9 180 
20 180 50 165 80 210 || 110 190 | 140 155 170 174 
I 170 I 17o || I | 200 | I 180 | I 160 I 176 
2 192 || 2 165 2 185 2 210 | 2 150 2 153 
3 150 | 3 175 3 180 3 175 | 3 165 3 160 
4 170 | 4 170 4 200 || a | UG | 4 155 4 180 
5 185 } 5 152 _ || 5 190 ! 5 190 ] 5 162 5 184 
6 160 6 170 | 6 175 6 170 6 165 6 165 
7 150 7 155 || 7 170 7 195 7 180 7 190, 
8 160 8 160 | 8 170 8 205 8 180 8 195 
9 155 9 168 9 185 9 185 9 185 9 180 
30 150 60 180 go. 150 120 180 150 178 180 185 
Total.. AGay Total..| 4,824 || Total..| 5,448 || Total.. gore Total..| 5,035 || Total.. Gen 
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TWENTY-FOUR Hour Coal CONSUMPTION TEST.—REGULAR STEAMING CoN- 
DITIONS, RUN PROVINCETOWN TO NEw LONDON, JULY 14, I910— 


Continued. 
Bag | Weight,|| Bag | Weight,|| Bag |Weight,|| Bag |Weight,|| Bag |Weight,|| Bag | Weight, 
No. | pounds.|| No. | pounds.'| No. |pounds.|| No. | pounds.|| No. |pounds.|/ No. | pounds. 
181 160 204 190 227 175 250 145 273 210 || 296 180 
2 190 5 180 8 165 I 165 4 165 q 178 
3 200 6 185 9 190 2 160 5 165 8 190 
4 160 7 170 230 205 3 195 6 198 9 188 
5 180 8 170 I 190 4 200 7 175 300 158 
6 190 9 180 2 190 5 170 8 185 I 155 
7 180 210 175 3 175 6 190 9 178 2 182 
8 170 I 180 4 185 7 190 280 182 3 170 
9 195 2 190 5 195 8 190 I 200 4 155 
190 180 3 193 6 195 9 185 2 185 5 175 
I 190 4 185 7 195 260 195 3 170 6 175 
2 190 5 180 8 190 I 190 4 176 Gj 155 
3) 190 6 200 9 205 2 200 5 178 8 170 
4 190 5) 170 240 195 3 210 6 150 9 180 
5 180 8 170 I 190 4 210 7 157 310 184 
6 170 9 175 2 185 5 210 8 182 I 188 
7 190 220 170 3 195 6 190 9 178 2 168 
8 190 I 170 4 200 7 195 290 186 313 210 
9 180 2 180 5 170 § 200 I 182 Total. .| 3,161 
200 170 3 195 6 200 9 180 2 185 
I 170 4 180 7 165 270 200 3 180 
2 185 5 170 8 180 I 200 4 173 
203 170 226 175 249 165 272 210 295 186 
Total.. Anne Total.. peer Total..| 4,300 || Total..| 4,375 ||Total..) 4,126 
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SUMMARY TWENTY-FOUR Hour Coat CoNSUMP- 
TION TEST. RUN PROVINCETOWN TO NEW 
LONDON, JULY I4-15, I9I0. 


Bag No, ine 
LKe Sd nals MOS GE SAO COME OOo TRU Oca wieos 4,907 
UO Mme Bot come cS aoe Ba HEOGas OD Doe coo once 4,824 
5 1010 ar eet al te na aS CREO Gore Oey BINS 5,448 
Chis HO ncamm oc ano aoteoadecHnoc orb oboccanon dec 5,440 
IRENE opoee rodo Mos edoooTo de oom DOM CGD oo cbs 5,035 
LES LT BO es sie,colsvaey ges cayhas aatevaie Gs ceesl eust Sapare roan ere ite 5,364 
IRs Carlo) eon Mann econ oda MUTOaRO OOH Ora Ooe ao aobo 4,170 
PXOVEPAo\nin Gibb oo roooo Mana OaarDOM NOU OOOO GOH, bO8 4,133 
YG PV ma Ganon aas cD Go OROANOACOO A Omobe FOO 4,300 
AIO Ps ooncoonsodccoopaduoqgoUbODNO AC oUN GOOD 4,375 
ZT 3=2O 5 oer erexcntr ohsverve evoreer nee oie Kokeie cele sievebeiareren corse 4,126 
2QO—ZO3 i yereissyisi aloe peeiel ave CA URN roe 3,161 
(Corll ynGl PEER Oooo oooaanaoadocanvoNsoGeRoOODOue 55,378 
Deductstomaie ibale Sper etree teteli tlt: m0 2,113 
53,265 
Deduct for coal weighed back..................... 682 
sRotalvcoalfpound steerer eater reer 52,583 
53 23.47 tons for 24 hours. 
No. Weight. 

Coal weighed back in bunker.......... A 130 

130 

Cc 160 

8 empty bags weighed 54 pounds...... D 145 

I empty bag weighed 6.75 pounds..... Ef 126 

313 X6.75=2112.75 pounds................. ~ 716 total. 
Deduct for bagsyc «sce see. clei 34 


Returned to bunkers.....................-- 682 
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TWENTY-FOUR Hour ENDURANCE RUN, PROVINCETOWN To NEw Lonpon, 
JULY 14, IgI0. 


First 12 hours. 


REVOLUTIONS. Start 12.30 P. M. 
Time. P. M. Main Revolutions iat Poard Revolutions | Port L. P. | Revolutions 
engine. per minute. turbine. per minute. turbine. per minute. 
12-30-O0............. GMO} loo bodooo doo PRI EOH  |baveoscooode ASGOS2I5 ON UI artery 
TOO crsisiove! sch, dees aveve S52; 2B ile ate ca avernee IHC Io cosauecague AUSOVNS)” Incoonnescoos 
BO—Os octane arenes SOO Ibcaccavoo000 88052 80%e: | Septera aiebere ZONA) Noasaccncsa0n 
2= OHO phates cure sates GOH) lboogneveuco0 EOYOC~) Nrecoacounua” LOA llcooosccoo0de 
BO=Olshstcqs eis epetererece GUYS lbcacooneteos SOLA Inwooccooo000 AGHNIS llooosscacvacc 
3=  O-Ostbcleeisarerstercts SHOEI) In osaccocccus SOTA 27 le cst mio taaiens MOY) FISS loacosccacccs 
Wooo oo nodboonea eerie, IbaaogcuGddoo COON) Mb ooboacesooe orwisie) llbobocuccddac 
ASVO-Oly claus eretelcosiers S77AS 260 Mileewetcreunvere: 9O02;836)a)|Serareis aeicienc FOG AON llbocoooucgve 
BOO en siti yes sear tieishes SST ACM ris ecto QO5sS45' -eeslesveresrseee: 507,907 albinos 
B= O-Orloistereiele ceetsiors 4 | SIG OC) Ibo ogdsebues ON} essaeousauce STOP5SOm lotr 
BO—Oo ooo ooonGdoeo SIV) Ibocosoouudoe OCHO loasoccuvsccc SGD lloocconoccccc 
GR—NO—O Ne milere sol ste ieee GOYAIGG) lh oooseacaoad OI 6S see |e oie SiC HORS | |lsonobcobv0na 
BE=Dso socovcdsoa0 GENCY, llbaogadocooue OO Ibadsoducccuc Grey llooccosoooccs 
T—VO-O es ehetelseienere sie 902,780) Series OUCH, Ioosoucooguue Foils], loogsouvooode 
BO-O vee elias COVA’ \ococaaconsus GAIN) seosassoods SAABAS  lloogoscoan0ds 
B= O=Os es clereyeysiejoe es QUiGeh> lb saoecaacaou CPV) Nao ecmoeo0 US 527, OOSmal laren eters 
S@O=Das obavvecooee OGY) Is ccancoooo0s OFFA bons aso poaue FAO7BS)  lloocoacaducne 
Oo O-Ohe coboonadous QW |yooncccoo050 CASO. locossoa00000 BSI. llkocooodoudo. 
BO=-Oogascoocogadas CLK} Iboocoagcudoc 932;60S8im sl lineveverausversretet se SAG Ie) lloogosqeco000 
WO O-Dsoooscaacoocc CEI soo oo obo CAG) Ilbscaoconccde BO7Hss7/ llbacacacesucs 
RO=Dao ood oboo one 3253940 erienteloneneter OEENOD losdaccoscooo SHO) Ibocooaduocooc 
WN= C=0)sdo5000000000 CESAR! Iioocasaocucs 940,900 |........7... GAR G7) ‘loo ogo o0IG0 
GO=Ds oso anbnoosoa GVICHOGF/ “Ibaacacacodee GVIGHOMI JLobineoudoooe BGC! Wossoqcccdcs 
12— 0-O midnight....| 945,168 |............ CVG IG) Ihodoaacsaauos BAe e] lea5coccanon0 
12-30-0 A.M........ 949,447 140-91 949,147 453-2 551,592 453-7 
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TWENTY-FOUR HouR ENDURANCE RUN, PROVINCETOWN TO NEw LONDON, 
JULY 15, 1910. 


Second 12 hours. REVOLUTIONS. Finish 12.30 P. M. 
‘Time, A. M. Main Revolutions Stachoard | Revolutions | Port L. P. | Revolutions 
engine. per minute. Meh nce per minute. turbine. per minute. 
12—30—O pel heirs CLG YING? |Fooboosesoud OLGHUG/, WSinoacgacons ROE lkogaooncesscs 
T=/0-0 32.07. GaSe event OG HS Ihcononedcsds CMa lboosebaoeoes SHS) |pcacdooadan.o 
Roma nsodooe sao OSISOS. llaooooccasoce OVLSAN lWeonoocooson SGICEYE Ibo adaccosecs 
De O— Osta lel gyeds nieve alae COAHUYG lhocoaseacacc OA lkoyeoasonoes BOOMs Gaodene occ. 
BOOM ere tisiyetensvacske CHH392 lbooonceccous CESK Nooanedocodas 5625359) slowseiccotirneen 
B= O-Ons ekeeorse eee CHO) Ilaacossocoona 9625586) Wile nearer 565,005), alse kia 
O=Onogaueendun00 CHEHIRG, lkocoeogsocnc QOOPOM lboosoagcotos Serr llocaoancoadcs 
A="O=O ls. Seis cise CHOP) lbcoasesdoacs 967.999) Ul ncciis creates CHOW \hodonewooeas 
BOROn ste tesereets CAV |hodoosaooces CHO baacocaaccas SEBWIGQ |acoosodbsoor 
BR NO=O\ eee eleiete sctestale OQWPSuG lboadooancnes CHORE lbooasanacaee firey) Ihaceaboood oc 
RO, 5 Gasca vedo OUP) llhoooodeoudes CHISKSOLE Jecacoconaaca SESHO llbcodocsoancs 
(= O=Ooaoccsooocene COORD  lloaotenoeoacs OHBVZED |bcoadoconves Geis, lbaooncoonaag 
BO=Osoncowoadgo ds Coosvigy “lopoocoomenc CBGGOSA lcacmodcacac CERES Ibodccucaceas 
= O=Oscanine 6000000 COVA |longodasasceac GEYIKGH/Z. Ibaodooga aces SEOHSEY.  |boooaagqoosse 
FO=Dadooqoodove he COGN Ihicusascocaet 86774 Sill tcierel scien EERO |lboadoanessos 
=> C=Oar0ccnc00765 OOF lbacacceaancs GNA |hoasanoonods 592,006 | aerial rie 
BO~Dagoancaosocoos OHOPPG \boscaansccas OSI. lbodosaoooccos evs | hascasoocr as 
O= O=Dsagsocosoasae OANA \pooacasedoas CPKLENG) lkoacoonnades SOVAER |baoacusosods 
PO=—Nwoqocacdas ood OPGYIOH Iboslsooadaaas CLYHAAS ocooacassads EOP) leacactonaccs 
IO— O-O.......-.006% OHBHSES odoasedeoce COHN li ooceseacacn COMHKON lcoacccdoene 
RO-“Mosioongescoase OLN | bo doaoncoacs CONOR Ibagcconosndo GOEYIHL leo dcodocc=o0 
Wi CO coonbacéonac OQYIMA) Ibacesosdcace CORE Ihoocccccedca (SOB YU@) |l-ogooeogacce 
BOADescaacaosovce OAV! llbancooasodec Capes, \saocoanacoss MUNG \bococoocanoc 
12— O-ONnoon........ OOF | lao noeocadcca HF Nbonccosnescs OUBCVIR |boocaosqgoace 
12-30-0 P, M........ 050,950 140.97 014,120 451.2 616,693 452.0 
Average for 24 hours....... YOGI. “seegnoboncc AG 228 Miecio ee tater 452.8 
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WATER CONSUMPTION TEST.—PROPELLING MACHINERY, STEERING ENGINE. 
Run PoLLock Rip TO PROVINCETOWN, JULY 13, IgIO. 


Start 1-10-o0 TANKS. 
Port. Starboard. 
Time, P. M. Column. Weight. Time, P. M. Column. Weight. 

D215 Die eter aye w arerereuctctelsyene 22 2,299 ES GLa aise 6 an GioOr 214” 2,331 
P—4O=2 Ae aya) seie istetezee' 214" 2,292 Ta O= aC elas telederc date 20}” 2,327 
T5534 ckeks ate Hovspencdene 21” 2,292 UV Booacosoneosc0e 193” 2,319 
Blac t OUD oOeOe oO 21” 2,292 2-3—2O0)aaelels wees eee 194” 2,318 
22GB eens aiciele areas 201" 2,287 2=TB=4AOK fs vsiaveianein soe 20f” 2,319 
BMC ssngeoeeneeosos 20§” 2,289 2-337 Pye toe er eekeioy ae 20%” 2,317 
DHE Om! Avene ate cieyerals: evel 3s atl 2,292 PAR 22) eeirminyeiesseiegsiats 20” 2,312 
PLO 3 3 iatey seca yey eislen ete 21” 2,292 Ba v BAS eee o otter eras 20}” 2,315 
Coy noe rn ag bene ten 198” 2,283 gi OP foantcaeeo cada 205" 2,319 
Beto) ein encicitieo aoe a 202 2,288 B= BT — 2A a ryonsiscereueiauenie 204” 2,318 
35 3—SOws caves einen se 202” 2,291 BAO— 256 oi sce wleveletoiene 205” 2,319 
4-7) —30......- Pennies 204” 2,285 Am OA Bina cerey odors terete 204” 2,315 

27,482 27,829 


Total water = 27,482 + 27,829 = 55,311 pounds, 
Water per hour, 18,698 pounds. 
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WATER CONSUMPTION TEST, JULY 13, 1910.—PROPELLING MACHINERY 
AND STEERING ENGINE. 


REVOLUTIONS. 
Time, P. M Main Reyolutions | Starboard Revolutions Port Revolutions 
engine. per minute. turbine. per minute. turbine. per minute. 
T—TO—Onpietetneieney ornare AGU HG \leooncconoene BNORYIS} |lbnctonacaace 422° OGO Ms | eetetteiaterei 
EC—Dooonocsd000000 PSEAOG5 |bcoooccnescs 822028 aa aetitetlcrerd LON AGRY \leoosdooooo50 
PIODWs500occadon000 PHO) |honotoonodac Geiciide lbasoopdagsos AWG) YVNG) Hencoosno0o78 
AC=Onqacovaogouene FEC) |lnoaacca0eves Garston savesooce AED IAD) \lhoaascocoocs 
BHO adgodcoocdsdns HAH) noo noococoe Ooo) lia sconoogcocos PERG bnaacaotaces 
ACh donde do an000 HEED |nacanoocnace BIO-D5 |b ooo odonacac DEBOIRHG Ib sasoncanane 
(SO — 5500050000000 ASO Ibcoocctocc0n BRGIG . |booococonces ARSON \Issococed0 oor 
ASU aaac1d opoeaadoDod WU - gooaooonouc MG} so d0a0na000 448 .6 
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DISCUSSION. 


Mr. E. H. B. ANDERSON, Member:—After the yacht had been in commission 
a few months we were requested to make an inspection of the turbine machinery, 
owing to the reason that the coal consumption was exceptionally heavy. 

This was done and some of the auxiliary machinery was found to be in need 
of a thorough overhaul, and the astern turbine throttle valves were also in a leaky 
condition. No internal examination of the turbines was made, but new propeller 
wheels were fitted to the shafts. 

After these alterations were carried out two coal consumption tests were made, 
each of 24 hours’ duration, and on the second of which 33 tons were consumed. 

This would seem to be excessively high when compared with the builders’ 
guarantee, but it should be borne in mind that conditions out here are very different 
to those which exist on a builder’s trial carried out on the Firth of Clyde, and the 
following reasons can be given for this statement. 

(a) The quality of coal obtained in New York cannot be compared with good 
Welsh coal. 

(b) A coal test of 24 hours is much more severe than any 12-hour test, for one 
reason, that it becomes necessary to clean all fires at least once, whereas on an 
12-hour trial, starting with fine clean fires and burning Welsh coal, cleaning can 
never be necessary. 

There is no question but that the coal consumption would have been reduced 
by at least 12 per cent. with new propeller wheels, having machined driving faces 
true to pitch and designed to meet a cruising speed of 13 knots. In addition, the 
full speed of 154 knots would have still been available. 

In connection with the coal tests, I wish to mention that every possible pre- 
caution was taken to obtain accurate data and I feel confident that the recorded 
figures are reliable. Regular 4-hour watches were the order of the day, with two 
men on watch in the stokehold at all times. 

In connection with the combination arrangement, I consider Mr. Crane is to 
be highly congratulated on the success he has achieved, and although I was unable 
to be present on the final trials in July, 1910, I was on board during a preliminary 
trial in January, at which coal was measured for 36 hours and the data agree very 
closely in each case. 

I now wish to draw your attention to the following: This economical result has 
been obtained at a certain sacrifice, namely, speed, but of course with the conse- 
quent increased cruising radius. I refer to Plate 61 which probably illustrates this 
point in best manner. 

Curve No. 1.—Speed and revolutions of reciprocating engine only, with no 
propeller wheels on wing shafts. 
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Curves 2 and 3.—Speed and revolutions of combination installation, under 
regular steaming conditions. Curve No. 2 for reciprocating engine; Curve No. 3 
for low pressure turbines. 

Curve No. 4.—Speed and revolutions for the three-shaft arrangement of tur- 
bines, as originally installed in yacht. 

Now maximum speed, obtained under conditions shown with Curve 1, is 13 
knots, with Curves 2 and 3 it is 13.70, whereas Curve 4 is carried out to about 16.25 
knots. 


CoLoNnEL E. A. StEvENS, Vice-President:—May I ask, Mr. Chairman, in view 
of Mr. Crane’s reflection on our old friend The Indicator, how his curves of indicated 
horse-power were derived? Were the spots obtained by figuring the indicated 
horse-power from each set of cards or were curves of mean engine power upon 
revolutions plotted? I have found in running trials that very small differences 
of wind would make a decided difference in the mean engine power for given revo- 
lutions. The same is true of the effect of the rudder if used during run. Plotting 
separate mean engine power curves for runs with and for runs against the wind, 
will, I have found, often explain some very puzzling indicator data. 


THE CHAIRMAN:—Does any other gentleman desire to add to this discussion ? 


ApmiraL H. I. Cons, Member:—May I ask a question, that is, will Mr. Crane 
throw a little more light on the subject as to whether the ship in these tests was run 
in combination, at a greatly reduced power; this with a view to get the effect of the 
exhaust reciprocating engine on the turbine at one-tenth of the power? 


Mr. CRANE:—We never ran at less than ten knots. 


ApmirAL ConE:—I ask this question because these are problems we are 
attempting to solve—I mean as to the effect when you reduce the power greatly, 
as we have to do under naval service conditions—in other words, what effect the 
introduction of a small amount of steam into a reciprocating engine would have on 
the turbine when it got to the turbine. 


Mr. CRANE:—I think I can answer that when I come to the general answer. 
THE CHAIRMAN:—Does any other gentleman wish to add to the discussion? 


Mr. George H. Bates, Member:—As a matter of record, I would like to call 
Mr. Crane’s attention to the air pump on the high-pressure engine, one air pump 
in operation at a time. I thought it might be well to mention that. 


Mr. CrANE:—I will answer this discussion, Mr. Chairman. I had hoped that 
some of the gentlemen who were present at these tests would express some opinion 
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as to the care and accuracy with which they were performed. I know there are 
some others present who were also present at the tests. 

In regard to the question of bad coal, our evaporation per pound of coal works 
out a little better than nine and a half pounds. Now, members of this society may 
have had much better results with steam coal, even with picked steam coal; I for 
one have not. I find more tests where the evaporation runs at eight pounds than ~ 
I do at nine and a half. So far as the speed is concerned there is no question that 
in making this speed we made a sacrifice of from a knot and a half to two knots of 
our maximum speed. Whether this could have been avoided is not the question. 
I think anyone who will look at the sizes of the propellers, the relative pitches, will 
see that it was perfectly impossible to run at a very much higher speed without 
overspeeding our center engine, and still have it running correctly for our thirteen 
knots. We made a trial of allowing live steam to go directly into our low-pressure 
turbines, and got very close to fifteen knots, but it was not a feasible working 
arrangement excepting for a stunt. 

Now as to economy on very much reduced speed. Apparently, the turbines 
are doing less and less work as you reduce the pressure on the center engine. You 
can notice that if you will look at the slip curve on Plate 61. You will notice that 
at ten knots the turbines are showing ten per cent. negative slip. If, however, you 
will look at the speed revolution Curves 1 and 2, just above, No. 1 being for the boat 
driven by the center engine only, No. 2 the revolutions of the center engine when 
working in combination, you will see that even at these reduced slips the turbines 
are still helping, and if they did no more than turn around without resistance they 
still would be of advantage at the regular cruising speed. In this ten-knot condi- 
tion, there was about 10} to 11 inches vacuum in the turbine receivers. 

In regard to what Col. Stevens said about the indicator cards, the procedure 
was to take three sets of cards on each run, to figure the cards on the basis of the 
mean revolutions of the run, plot the individual spots and fair the curve through 
those spots. Undoubtedly, in the lower speed runs, the low-pressure card is not 
telling all the truth. I think anyone familiar with indicators will know how 
difficult it is to touch even lightly on a low-pressure card and not to have it inter- 
fere with the action of the indicator. 

Perhaps it would not be amissto havemesay that our experience with the vessel 
in the three conditions has been that in general cruising with adverse weather, with 
storms, our speed fell off very much more with the turbines than it has since we 
have had a large propeller to help us out. 

The comparative tests were all run in summer weather conditions, smooth sea 
and clean bottom. In actual service the economy in coal is very much greater 
than is shown by these results. 


Mr. GEeorGE H. Bates, Member (Communicated) :—In reply to Mr. Crane’s 
request that one of the members present at the trials of the Vanadis testify,to the 
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accuracy of the tests, I submit the following as one taking an active part in the 
engine and engine turbine tests. 

The coal and water consumption tests were made under average working 
conditions, the coal being run of mine bituminous coal as obtained in New York 
Harbor. The firing was done by the yacht’s firemen without being coached or 
interfered with in any particular and as the boilers were steaming easily, they, if 
anything, neglected the fires. Two fires were cleaned every watch. 

In making the water tests, one feed pump delivered the condensed water from 
the hot well into two tanks; and the drain from these tanks went into the water 
bottom. These tanks were carefully calibrated and were sloped top and bottom, 
so as to drain quickly and absolutely, and so that no air could be trapped. 

The results, as given, can be duplicated in actual service and probably bettered. 

Mr. Crane is to be congratulated on the success of his venture, and on the fact 
that the tests were made under strictly service conditions. 


The President vacated the chair and Vice President McFarland took his place 
as chairman. 

THE CHAIRMAN :—The paper ‘‘Some Suggestions for Reducing the Loss by Fire 
on Vessels, ’’ by Samuel D. McComb, Esq., Member, will now be read by its author. 


SOME SUGGESTIONS FOR REDUCING THE LOSS BY FIRE ON 
VESSELS. 


By SAMUEL D. McComp, Eso., MEMBER. 


[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, rg10.] 

In the last few years a number of very valuable papers have been 
written on the subject of preventing fires on board vessels, but most of them 
have dealt with cargo fires on steel freight steamers. 

It is the intention of this article to offer some suggestions apnlienble 
to wooden as well as steel vessels, and to the small as well as the large ones, 
as it is on the small wooden vessels that fires most frequently occur. Few 
persons realize the appalling extent of the fire damage to shipping annually, 
as there are no statistics published showing the monetary loss, and only 
incomplete and inaccurate reports by the Government and by the different 
Classification Registers showing the number of vessels and the tonnage lost. 
However, many lives and millions of dollars in property are lost in flames 
every year. With a little precaution, most of this loss could have been 
avoided. 

The ideal condition would be to have a vessel constructed entirely of 
incombustible material and carry only incombustible cargo, but while this, 
of course, is impossible, the condition can be reached very closely as far 
as the vessel itself is concerned. The subject of fireproof material has 
received much consideration, and in recent years the percentage of steel 
hull vessels has continually increased. Sheet metal and asbestos prepara- 
tions are replacing wood for interior work, but we are still using wood and 
other inflammable materials in the construction of our ships, and on account 
of its cheapness and the fact that it does not require a plant equipped with 
machine tools, wooden ships will be built for many years tocome. They 
should be constructed so that the probability of their catching fire is reduced 
to a minimum, and means should be furnished for promptly extinguishing 
one if it occurred. From the standpoint of fire hazard, vessels can be 
divided into three general classes, namely, steam, gasoline, and those with no 
power. The classes will be taken up separately, as the principal causes of 
fire and the methods of extinguishing them are different in each case. 

On steam vessels, the principal ascertained causes of fire are woodwork 
around uptake or stack igniting, spontaneous combustion of coal, fire origi- 
nating in the cargo and from galley stoves, lamps and candles. Knowing 
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how fires originate, we know the points which must be safeguarded to 
prevent them. It is of the utmost importance where a stack passes through 
a wooden deck that the opening be cut at least twelve inches clear all around 
and the wood be faced with asbestos and sheet-iron or steel. If forced 
draft is used and overheats the uptake and stack, further protection is 
needed—either the uptake and the base of the stack should be covered 
with cement or all the woodwork within a distance of three feet should be 
covered with sheet-iron placed over asbestos. When covering a boiler care 
should be taken along the sides of it; frequently the space between the 
boiler shell and bunkers is so small that it is difficult to make a good job, 
but in no case should this space be packed up with non-conducting material ; 
some opening should always be left between the covering and the bunkers. 
On a leg boiler, the covering on the sides of the fire-box should be carried 
right down to the floor; frequently it is stopped about the level of the grate 
bars, and an examination will show that the heat from the uncovered 
plates has charred the bunker boards alongside. A coaming should be 
placed at the front of boilers extending across the fire-room to prevent hot 
ashes getting between boiler and bunker sides. If the fire-room floor is 
laid on a wooden deck or wooden beams, asbestos should be put down first. 
Hot ashes have set fire to a wooden deck through four inches of cement. The 
same care that is used in protecting woodwork around the boilers should 
be used around the galley stove and stove-pipes. All wooden partitions in 
the back and at the sides of all galley stoves should be protected. Where 
possible the floor should be brick or cement, but, if wood, should be covered 
with sheet metal over asbestos extending out in front at least 2 feet 6 inches 
and the stove should be securely fastened down. Most important of all is 
to have a metal hood over the stove or have the ceiling overhead covered 
with heavy asbestos, disastrous fires having been started by grease boiling 
over on the stove and blazing up, setting the woodwork overhead on 
fire. The stack from the stove should lead outdoors by the most direct 
route possible; on some old passenger steamers it has many turns and bends 
before it finally comes through the upper deck. When possible the galley 
should be on the upper deck, but if placed in the hold care should be taken 
to run the stove-pipe in such a manner that even though it get red hot it will 
not ignite the woodwork. In engine-rooms the method of carrying lubri- 
cating oils and waste needs attention. It is well to have the supply of oil 
as small as possible; where there is a large quantity on board the engineers 
are usually careless and extravagant with it, while, with a small supply, 
good care is taken to see that none is wasted. This not only saves money 
for the owners, but less oil is spilled about. All oil-cans should be carried 
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in metal trays to catch the drip and all wooden shelves on which oil is kept 
should be completely covered with metal having the edge turned up, and 
all joints soldered. Large oil-cans should have self-closing faucets. No 
oil should be kept in partially filled barrels; when a barrel is opened, it 
should be emptied at once. 

Metal receptacles with rolled joints should be provided for carrying 
waste. Itis quite common to carry waste in burlap bags, placed frequently 
near the oil supply, so that it gets saturated with leaking oil. It appears 
difficult to impress on engineers the danger from spontaneous combustion 
from oily waste, though fierce fires are caused by it. 

Lamps have been a fruitful cause of fire on ship-board. Glass lamps 
frequently break or crack, and should never be used. All lamps should 
have metal bodies and they should be secured in their sockets with clips 
or some device which will prevent their coming out when the vessel rolls. 
They should be carried in substantial wall brackets, or suspended from the 
ceiling, and be well stayed to prevent swaying. It is a custom on many 
vessels to use common table lamps, which are very easily upset by the 
vessel striking something or rolling heavily, and their use should be pro- 
hibited. Not long ago a steam lighter on Long Island Sound collided with 
a sailing vessel; the shock upset a table lamp in the house aft. All the 
crew rushed to the bow to see what damage had been done, and the fire 
started by the overturned lamp was not noticed until it had gained great 
headway. The crew were compelled to abandon the vessel, which was 
totally destroyed. Lamps should always have proper shields to protect the 
woodwork over them. It is common to see the paint over a lamp scorched 
and blistered. One may be left burning when no person is around, and a 
fire start and get beyond control before it is noticed. Owners should 
impress on their masters the necessity of taking care of lamps properly. 
Lamp rooms are required by law to be lined with sheet-metal, and in addi- 
tion to this they should be made absolutely oil-tight on the bottom, and 
for at least a foot up on the sides; all laps and all nail holes being soldered 
over, and any openings in the floor for pipes or rods should have a collar 
or flange around them to prevent leakage of oil. 

In the lamp room of a large steamer a 3-inch hole was punched in the 
floor for the steam extinguisher pipe. An oil barrel in the room sprung 
a leak, and the oil ran through the opening and spoiled a quantity of wheat 
in the hold. Had this oil been ignited it is improbable that the vessel 
could have been saved. When electric lights are used the installation of 
the wiring and fixtures should receive careful attention. Of necessity the 
wire runs in many inaccessible places and a fire caused by defective wiring 
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may be difficult to locate. All wires in the hold, in engine and boiler spaces, 
where cargo is carried on main deck and outdoors should be in iron conduit; 
switchboards should be of slate or other non-inflammable material and well 
clear of the woodwork back of them, and if the bulkhead is wood it 
should be covered with heavy asbestos or a steel plate or both. The writer 
has seen on a large passenger steamer a yellow pine switchboard placed 
against a yellow pine bulkhead; needless to say it started a fire. It is 
probably impossible to prevent the use of torches in the engine and boiler 
rooms, but the man in charge should be cautioned to see that they are 
carefully used and not left about when lighted. Fires from this 
cause are numerous—in one instance a lighted torch was left hanging on 
a wooden stanchion; in another instance, on the top of a boiler; again, 
alongside an oil barrel, and so on. Engineers must be impressed with 
the necessity of extreme caution in this respect. Though the practise of 
using torches by the engineers and firemen cannot be prevented, the use 
of torches and candles by stevedores and cargo trimmers can and should 
be stopped; only closed lanterns or incandescent lights should be allowed in 
the hold of a vessel. In parts of the country the labor unions insist that 
candles be used, but the shipowners should take a firm stand and put an 
end to the practise. 

The most hazardous type of steam vessels and one that for 
structural reasons always will be dangerous from a fire standpoint is the 
wooden tug-boat. For ease in maneuvering, to get around docks quickly 
and to turn in a small space it is desirable to have a tug small; to tow 
heavy loads and move large vessels it is necessary to have it powerful. 
The result is a boat as small as can be designed to carry the machinery 
powerful enough to do the work required, the boiler usually being the 
largest size that can be installed, and just as close to the woodwork as the 
law permits. To allow an ample passageway on deck on each side, 
the house is made narrow—so the boiler is entirely surrounded by 
woodwork placed as closely as possible to it. To make matters worse, on 
board the average tug there is a platform or grating over the boiler where 
wet lines are placed to be dried out. Dirty clothes and overalls are kept 
there, and frequently even cans of oil. Inside of the house, over the boiler 
where the ventilation is poor, the heat becomes excessive, and the wood- 
work around the stack is ignited, or, where there is a tight platform fitted, 
the bunker sides will catch fire. A large percentage of the tug-boat fires 
originate in this way, and they could all be prevented if good air space 
was left all around the boiler, and proper ventilation was provided over it 
to allow the hot air to escape. Many stack umbrellas have a flange on the 
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outer edge which projects below the deck coaming, so that the hot air and 
gases after rising above the coaming must come down again around the 
flange of the umbrella, as shown on Plate 69. 

It is the opinion of the writer that with construction of this kind the 
hot air and gases come up against the under side of the umbrella, and stay 
there. In order to provide effective ventilation the lower edge of the flange 
should be above the upper edge of the coaming, as shown in Sketch B. 

The galley stove is generally in a cramped location, and all the wood- 
work around it should be especially well protected. ‘These are the two 
points that require most attention in tug-boats, and the smaller the tug 
the greater the need of care and caution. 

Freight steamers are also a hazardous class. There is not only all 
the danger inherent in the vessel itself, but also the danger from fires origi- 
nating in the cargo. It is impossible to lay down any set of rules for 
promptly extinguishing a cargo fire, for both the cargoes and the vessels 
carrying them are so varied, ranging from a deep-draught steel vessel carry- 
ing iron ore in the hold to a shallow-draught wooden river steamer carrying 
a deck load of cotton; most numerous, though, are general cargoes. For 
the safety of ships in the event of an injury, water-tight bulkheads are 
required in the hold and these act as fire walls tending to confine a fire to 
the compartment in which it starts. Every compartment should be fitted 
with a pipe running to the pilot-house and air should be drawn from these 
pipes continuously. A fire starting in the hold could be promptly detected 
from the smoke issuing from the pipe, which would also show exactly in which 
compartment the fire was located. In addition, each compartment should 
be fitted with a steam fire-extinguisher, so that steam could be turned on 
immediately when the fire was discovered. The cost of installing steam- 
pipes is small, and at least one should be fitted to every subdivision of the 
hold; where the length of these exceed 50 feet two steam-pipes should be 
fitted. That is the best means of effectually extinguishing a blaze below 
decks, as the steam can reach every portion of the hold and smother it. 
To attempt to use a hose would necessitate lifting the hatch covers, thus 
admitting fresh air. This additional supply of oxygen would cause a 
smouldering fire to burst out and probably get beyond control. 

Steam extinguishers cannot be used on the main deck as there is no 
confined space to hold the steam, nor can lines of hose always be depended 
upon, as the entire space may be filled with package freight and the fire 
may start somewhere near the middle of it, being absolutely inaccessible. 
The best means of extinguishing this is a sprinkler system. Many of the 
newer boats are so equipped, but most are not. Every vessel carrying cargo 
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on the main deck should have sprinklers. A poor installation is about as 
good as none, and when sprinklers are put in they should cover the vessel 
completely from stem to stern and be placed close together, otherwise a 
fire might break out at a point not covered by the sprinklers and gain such 
headway by the time they opened that it could not be controlled. There 
is an instance of this kind on record. Fires in general cargoes are the most 
numerous, arising from spontaneous combustion due to overheating, or by 
chemical action through the mixture of different substances that may have 
escaped from their packages. It is impossible for the stevedores to know 
the contents of every package put on board, but where anything is known 
to be likely to cause fire, it should be placed so that the hazard is reduced 
to a minimum. 

Coal, oil, hay, cotton, jute and hemp all constitute dangerous cargoes, 
and vessels carrying them should be especially well equipped with fire 
apparatus. 

The finest vessels we have are the passenger steamers, and these are 
being constructed better, more costly, and more nearly fireproof every year, 
but the danger of fire is ever present. We see advertisements in the daily 
papers of certain steamers:—‘‘ They cannot sink, they cannot burn;” “‘abso- 
lutely fireproof,’ etc., but should a fire once get headway, there will be 
little left of the vessel. On account of their less rigid construction the 
shallow-draught river steamers cannot stand as severe a fire on board as 
the deep-draught vessels. They are braced with hog-chains and tie-rods 
and should the supporting woodwork collapse, the vessel is likely to break 
in two. Designers and builders of this type of vessel should consider such 
a contingency when arranging the longitudinal stiffeners. 

The government inspection on this class has improved somewhat in 
recent years and owners are taking more care, but the fact that four pas- 
senger steamers were totally destroyed by fire this year in the vicinity of 
New York alone shows that there is large room for improvement. 

There is one type of vessel on which there is no government inspection 
or supervision whatever, and on which the fire losses have been numerous 
and heavy, namely, contractor’s plants consisting of dredges, pile drivers, 
floating derricks, drills, etc. While all the general notes on construction 
given above are applicable to these craft, there are some points of special 
importance. Usually over the boilers there is a dome built which has slat 
partitions around for ventilation—these slats are generally made so that 
the upper side of one is higher than the lower side of the one above it, as 
shown on Plate 69, with the result that there is very little, if any, venti- 


SUGGESTIONS FOR REDUCING THE LOSS BY FIRE ON VESSELS. 197 


lation. ‘These slats should be arranged as shown on Plate 69, having a 
clear horizontal space between them. ‘The writer investigated five fires on 
dredges all occurring within a short time of each other, two of which were on 
the same dredge, a machine which had just been built at a cost of $100,000. 
All five fires started in exactly the same way. According to witnesses, 
there was a slight explosion and instantly the whole dome seemed to be in 
flame from end to end. In one instance where the fire had been extin- 
guished very promptly, the inside of the dome was scorched all over, but 
no one place very badly burned, showing that the fire had not started at 
one point and spread, but that the dome had been ignited all over simul- 
taneously. The deductions drawn were that certain gases escaped either 
through a leak in the uptake or while firing the boilers, and had arisen to 
the under side of the dome and remained there, and had then been ignited 
by a flame from the furnace door while the fires were being raked. Hot 
air and gases will not descend, and all ventilators and openings made for 
their escape should be so constructed that this is not necessary. On account 
of the number of gears, chains, and cables which require slushing or lubri- 
cating, the amount of lubricants carried on these machines is usually large 
and little care or attention is given to where or how they are carried. It 
is not uncommon to see a number of partially filled barrels of oil standing 
alongside of a boiler, with perhaps a burlap sack of waste on the deck 
nearby. When the danger of this is pointed out to the captain he will usually 
reply that he is too busy to pay attention to such details, or there is no 
other place on board to carry it, or he may promise to rectify it, and forget 
it. Asa general thing these machines work in isolated places, or where it 
is difficult to reach them, and if the superintendent or captain is making 
satisfactory progress the owners will not visit often, and when they do, 
it will be to inspect the work being done rather than to examine the machine 
doing it. There are some firms who keep all their property in first class 
order, and properly equipped, but on the majority of machines there is 
evidence of carelessness and disregard of the dangers of fire and insufficient 
appliances to cope with one. In some cases there is not even a bucket 
with which to extinguish a fire, and if one started it would surely result 
in a total loss. 

Now in regard to fire-extinguishing appliances generally, the most 
important point to bear in mind is that when these are needed they are 
needed badly and quickly. Many owners do not realize this, rather con- 
sidering the equipment they are compelled to install as a legal requirement 
that must be complied with, and they put the necessary items on board 
with no regard to where or how they are placed. All vessels should be so 
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equipped that every part of them can be reached promptly and effectively 
by fire appliances. It is an easy matter to extinguish a fire in its incipiency, 
but it gains headway rapidly and in a short time is beyond control of 
the best apparatus; therefore, every second counts. Fire appliances should 
be accessible and ready for instant use. The time lost in coupling up a 
hose which should have been connected may cause the loss of a ship. 
Approved fire-extinguishers should be carried in every pilot-house and in 
every galley. When a fire is discovered it is always reported to the man 
in the pilot-house, and if he has an extinguisher right at hand he can get 
to the fire and use it at once. A fire starting in the galley, especially from 
grease spilling on the stove, is always a dangerous one, but if an extin- 
guisher can be used instantly it can probably be controlled. In addition 
to these, on large vessels, extinguishers should also be carried in the crews’ 
quarters, and on passenger steamers they should be placed in the main 
saloon and in passageways for use in the event of the draperies catching. 

There are many worthless extinguishers on the market, which are sold 
only because they are cheap, and it is advisable to purchase only such 
makes as have been tested and approved by the National Board of Fire 
Underwriters. 

It should be borne in mind that an extinguisher is not a fire depart- 
ment, its capacity is limited, and unless used promptly it is not effective. 
When a fire attains a size beyond the control of an extinguisher, it becomes 
necessary to use hose. All steam vessels should have a steam-pump and a 
hand-pump and these should be connected to the same main, the hand-pump 
for use in case that steam is not up or the steam-pump out of order. In no 
case, even on the smallest boats, should there be less than two lengths of hose, 
as the fire might start just at the place where one length was kept, and 
render it useless. The fire-main should extend to every deck, and the 
plugs on it should be located not more than 75 feet apart. Vessels of larger 
size should have a main on each side. ‘The hose should in no case be less 
than 14 inches in diameter—on many small boats at the present time 1-inch 
hose is used, but experience has shown that this is of no practical value 
whatever. On larger vessels regular 2$-inch corporation hose should be 
used. Hose should always be kept connected. The law requires this on 
passenger steamers, but on other vessels it is the regular custom to have 
it uncoupled, and it is frequently kept in the hold. This is bad for two 
reasons—first, the hose probably cannot be found when wanted; and 
secondly, the threads on the pipe will be filled with dirt or painted over, 
causing delay in connecting the hose after it is found. 

In addition to being thoroughly equipped with extinguishers and hose, 
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all steamers carrying cargo should, as already mentioned, have steam extin- 
guishers in the hold and sprinklers between decks. Passenger steamers 
should all be thoroughly sprinkled, those having sleeping accommodations 
having a sprinkler in every stateroom. Thermostats or some type of auto- 
matic fire alarm should be fitted. On passenger steamers over 300 feet 
long, fire walls should be built every 150 to 200 feet, extending from the 
main deck to the dome. These walls should be constructed of wood at 
least 13 inches thick (two thicknesses of 3-inch tongued and grooved wood 
laid diagonally), covered on each side with at least }-inch asbestos having 
sheet iron over it. The openings in these walls should be as few as possible, 
and should be fitted with regular fire-doors which can be closed instantly. 


GASOLINE BOATS. 


Gasoline is, of course, the great hazard on these boats. ‘The vibration 
caused by the motor in time loosens the joints in the piping and gasoline 
leaks into the bilge; a certain amount also leaks out at the carbureter. 
As there is always more or less bilge water in the bottom, unless water- 
tight bulkheads are fitted there is a film of gasoline floating on the bilge 
the entire length of the boat, and this, if ignited, will spread fire all over 
instantly. 

Some years ago a firm constructed launches having the tank in the bow 
with a water-tight bulkhead back of it; holes were bored in the planking 
on each side of the tank just below the water-line, allowing free circulation 
of water around the tank, the feed-pipes came out of the bottom and ran 
along the keel to the engine, which was at the aft end. Forward of the 
engine was a water-tight bulkhead extending above the water-line, and the 
entire engine compartment was lined with brass. If there was a cabin on 
the launch it ended forward of the engine, which was left in the open so 
that no vapor got inside of the boat at all. This was the safest possible 
construction. 

The tank and the engine should both be in water-tight compartments 
even though the bulkheads, at each end of the engine, only come up to the 
floor boards—and the feed-pipe should be run outside the hull. This will 
prevent leaking gasoline and oils from flowing the entire length of the boat. 
All cabin-boats should have ventilators to carry off the vapor. Many motor 
boats are owned by business men who use them only on week ends, so 
they remain locked up tight from Sunday or Monday until the following 
Saturday. = If any gasoline is escaping the entire cabin becomes filled with 
a highly explosive vapor which may blow the boat to pieces. Many persons 
have been killed from this cause, to say nothing of the loss of the boats. 
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Fires are frequently caused by gasoline cooking stoves. Only such stoves as 
have been approved by the Board of Fire Underwriters should be installed, 
and the woodwork around should be protected and no curtains should be 
hung near them. ‘The main tank on the boat and the tank from the stove 
should be filled by daylight only and away from a flame of any kind. On 
motor boats carrying passengers for hire, smoking should be prohibited, as 
this has caused many disasters. 

The problem of extinguishing fires on motor boats is a difficult one, 
as entire dependence has to be placed on extinguishers. If the draperies 
or woodwork catch fire, the average approved extinguisher can handle it, 
but if the gasoline on the bilge water is ignited, and there are no bulkheads, 
the entire boat will instantly be in flames, and if there is any quantity of 
gasoline it is doubtful if any motor boat carries sufficient equipment to 
extinguish it. This year Congress passed a bill in relation to motor boats, 
one of the provisions being that every motor boat should “carry ready for 
immediate use the means of promptly and effectually extinguishing burning 
gasoline.’’ ‘The act does not specify what will do this, but on June 9, 1910, 
the Department of Commerce and Labor issued a circular in reference to 
the act addressed to ‘‘Collectors of Customs and Others Concerned,” and 
signed by Benj. S. Cable, Acting Secretary, which contains the following 
paragraph :— 

“No specific means of promptly and effectually extinguishing burning 
gasoline are prescribed. Besides the usual fire extinguishers, suitable chemi- 
cals or bags of coarse flour or sand will serve the purpose.’’ Imagine a 
man, relying on this government circular, taking his wife and children out 
in a motor boat with nothing but a bag of flour (itself very inflammable) 
to promptly and effectually extinguish burning gasoline floating on bilge 
water. The motor-boat departments of several insurance companies held 
a test at the Buffalo Yacht Club, Buffalo, N. Y., on September 1, to deter- 
mine the efficiency of the different makes of extinguishers. Plate 65 shows 
some photographs of the test. A flat-bottomed punt 16 feet long by 4 
feet wide was procured, side boards were nailed on and a floor was put in 
6 inches above the bottom in which a hole 2 feet square was cut to represent 
the opening around the engine. The punt was hauled out on shore; for 
each test 2 inches of water was put in the bottom and a gallon of gasoline 
poured on it and ignited. Fourteen trials were held, the extinguishers being 
operated by a fireman detailed by the fire department, and in every instance 
when the extinguisher was exhausted the gasoline was still blazing. Later 
three extinguishers used simultaneously failed to extinguish it. In a fire 
of this kind it is the area and not the amount of gasoline that is the deter- 
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mining factor. All this test has demonstrated is that 64 square feet of 
burning gasoline is too large an area for an extinguisher tohandle. Another 
test will be held this winter with a V-shaped tank, and, beginning with a 
very small area, more and more water will be put in until the exact limit 
of each type of extinguisher is determined. 

It is gratifying to be able to announce that several large concerns are 
working in their laboratories at the present time to devise a new type of 
extinguisher to meet this condition. - 

According to the latest report of the Commissioner of Navigation, there 
are over 100,000 motor boats in the United States, so that the successful 
manufacturer will no doubt be amply repaid. 


BOATS WITHOUT POWER. 


. The hazard due to means of heating and lighting require the same atten- 
tion on this class as on other classes of boats, but the two principal dangers 
are fires originating in the cargo and exposure fires. When there is a donkey 
boiler, steam fire pumps should be fitted, and a hand-pump connected to 
hose on each end of the boat should always be installed. There should be 

a liberal supply of buckets with draw lines attached, so that they can be 
dropped overboard and refilled. Boats of this class are used largely as 
lighters or transfers; they are moored alongside docks, warehouses or large 
steamers being loaded or unloaded, and often so surrounded by similar 
craft that they cannot be moved until the others have first been taken out 
of the way. ‘They are exposed to any fire that may start around them, 
and are helpless. A number of disastrous fires of this kind have occurred. 
The men in charge of all docks should use care in maintaining an arrange- 
ment which will permit all the boats to be moved promptly. Plate 6 shows 
a pier fire which occurred in New York this summer, the loss amounting 
to a quarter of a million dollars. 

Another important point in connection with all types of vessels which 
should receive more consideration from owners is the care of vessels when 
laid up out of commission. Too many, especially those which have not 
been profitable, are simply moored at an out-of-the-way dock and left until 
wanted again. 

All vessels or groups of vessels should be under charge of watchmen 
day and night to keep off thieves and tramps who have caused so many 

-fires. Whenever possible, boats should be laid up under city fire protec- 
tion at a place where fire-engines can readily reach them, and the man in 
charge should know the location of the nearest alarm box. Where a number 
of boats are laid up together sufficient space should be kept between them, 
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so that they do not expose each other; 100 to 150 feet is a safe distance. 
If there is not sufficient room to admit of this, they should be so moored 
that they can be cast loose readily and taken out of danger. Every winter 
several boats are burned by a fire starting on one, and this is a loss which 
is entirely preventable. 

On the large and more valuable steamers, steam should be kept on the 
donkey boiler when the boat is out of commission, permitting the hose and 
sprinkler system to be in constant readiness for use. 

Plate 66 is a diagram showing how one fleet of passenger steamers is 
laid up every winter. A main is run down the dock and a connection is 
made from this to each vessel; all hose on board is attached and. stretched 
out on deck. There is no water in these pipes, but there is a valve in front 
of the office which admits water to the entire system, and a valve at the 
connection to each steamer. 

There are two men on board each boat and a watchman at the office. 
In the event of a fire eight streams of water can be had readily on any of 
the boats. 

Managers of the shipyards and basins have at the instance of the 
underwriters given some attention to this point, but there is room for vast 
improvement. Plates 67 and 68 show lay-up conditions and what little 
chance there is of saving a vessel if a fire gets going—especially when they 
are all frozen in. 

There has been no attempt in this article to propose any radical innova- 
tion but simply to point out that most of the fires we have are easily avoid- 
able and due to lack of sufficient appliances and even more to the negligence 
of the masters in not keeping their vessels in proper condition, and having 
frequent fire drills. Owners and managers are largely responsible for this, 
for if they are willing to allow their boats to be kept in a slovenly condition 
the masters soon know it, and will let up a little on the crew—the crews 
also are soon aware of this, and naturally become careless. When a fire 
breaks out on a boat of this kind there is a scene of wild disorder, no one 
knowing where to go or what to do. ‘The fire pumps may be out of order 
or the hose mislaid, and invariably it is the end of the vessel. However, 
where the management demands and sees that it gets proper upkeep of its 
boats, things are vastly different. The master realizes that he will be held 
strictly accountable and the crew know it too. Things are kept where 
they belong; duties are properly performed, including frequent fire drills. 
Where this condition exists, the sounding of the fire-alarm brings out a well 
drilled crew properly equipped, and they invariably get the best of the fire. 
It is not unfair to hold the owners largely responsible for most of the fires. 
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For a number of years the fire record of wooden boats on the Great Lakes 
was very bad; it reached a climax last year when ten vessels were totally 
destroyed, and the fire loss exceeded half a million dollars. For some years 
back, different insurance companies had discontinued these vessels, and 
a year ago it appeared as though practically all of them would. Repre- 
sentatives of the owners and the insurance companies held conferences in 
New York, Chicago and Cleveland to determine what caused this abnormal 
record, and how it could be stopped. The conclusion was that boats were 
insufficiently equipped and the crews too infrequently drilled. Rules were 
drawn up to remedy this (see Appendix) and certificates granted to those 
found to have complied with all of them. The principal features of these 
rules are that the master is required to report once a month that he has 
personally examined all equipment every week, finding everything in proper 
condition or making it so,and that he has had atleast two fire drills during the 
month. The masters and the owners know that an inspector may come on 
board at any port to verify this report, and the insurance on the vessel may 
become void through the master’s neglect, therefore the equipment is there 
and drills are held. The drop in the fire loss is noticeable this year. There 
are one hundred and fifty-six vessels all told which have complied with 
these rules, and this represents a sufficiently large proportion of the wooden 
freight boats on the Great Lakes to get an average, yet not one boat with 
a certificate has been lost. Three fires have started, but they have all been 
extinguished by the crews with partial losses. 

In equipping and operating their boats, it is regrettably true that some 
owners will only do what they are compelled to by law, and will avoid doing 
that as much as possible; it does not seem to be a difficult matter to evade 
many things as the Steamboat Inspection Service appears to be incom- 
petent. 

It is the opinion of many that the laws relating to the Steamboat 
Inspection Service should be amended. They should require that all vessels 
be constructed, equipped, manned and operated in a manner that will 
thoroughly safeguard human life, and should be so worded, codified and 
classified that any one with ordinary intelligence referring to them can find 
what they are looking for and understand it. 


This Society, having on its rolls many of the most important shipowners, 
managers, designers, builders and surveyors in the United States, is prob- 
ably the body most capable to attempt this, and the writer begs to suggest 
to the Society that the President appoint a committee to consider the 
matter, and to make a report at the next meeting. 
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APPENDIX. 


AN EXTRACT FROM THE RULES AND REQUIREMENTS OF THE VESSEL REGISTER, 
WHICH WAS ORGANIZED FOR THE PURPOSE OF ESTABLISHING A STANDARD 
OF FIRE EQUIPMENT ON VESSELS. 


The following requirements are necessary to obtain a certificate for 
freight steamers :— 


CONSTRUCTION. 


SEcTION 1. All government rules and regulations relating to the con- 
struction, equipment and outfit of the vessel must be complied with. 

Sec. 2. All boilers, main steam and auxiliary lines carrying boiler pres- 
sure must be thoroughly covered with asbestos or other approved material, 
and where steam-pipes pass through woodwork they are to be fitted with 
a proper metal collar or wood protected in an efficient manner. 

Sec. 3. All woodwork within 6 inches of boiler at sides or within 12 
inches overhead of boiler or steam dome, or within 2 feet 6 inches of uptakes 
or breeching must be covered with sheet-metal over sheet asbestos. 

Sec. 4. Stoke-hold or fire-room floor must be covered with at least 
2 inches of brick or cement or other approved material. 

SEc. 5. Where smokestack passes through wood deck, the woodwork 
must be cut away at least 12 inches clear of the outer casing of said stack, 
and the wood must be faced with a metal collar over sheet asbestos. 

SEc. 6. Coal bunkers must be thoroughly cleaned out as often as pos- 
sible and at least once every sixty days during the season of navigation, 
making sure that all coal dust and rubbish are removed; special care to be 
taken in cleaning shelf piece. 

Sec. 7. All oil rooms and lamp rooms must be fitted with steam fire- 
extinguishers and be thoroughly lined with sheet-metal, with all joints, laps 
and holes made tight. 

Sec. 8. All stoves on board must be securely fastened to the deck and 
have sheet-metal under them extending out all round at least 6 inches in 
the case of heating stoves and 2 feet on galley stoves, and if stove is within 
18 inches of a wooden bulkhead, the bulkhead must be protected with sheet- 
metal over asbestos. All stove-pipes or stacks where passing through 
wooden bulkhead or partition must be fitted with proper metal ring, and 
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have woodwork cut away. Galley stoves to have hoods over them or have 
the ceiling protected by sheet-metal over asbestos. 

SEC. 9. In hold, engine and boiler-rooms, bunkers, in cargo spaces on 
main deck or other places where cargo is carried and outdoors, all electric 
wires must be run in iron conduit. All electric wiring and fixtures must be 
in accordance with the rules of the New York Board or National Board 
of Fire Underwriters. 

SEc. 10. All oil lamps, except hand lanterns, must have metal bodies 
and be kept in wall brackets well secured or suspended from above and 
stayed. All lamps must be secured by approved device for holding them 
in brackets and must have metal shields over them. 

SEc. 11. If gasoline, acetylene or other volatile material is used for 
lighting, heating or cooking, same must be carried and used in accordance 
with the rules of the National Board of Fire Underwriters. 

Note :—Discretion may be used as to the thickness of asbestos used, 
4-inch stuff where necessary but lighter material may be used in some places. 
However, nothing less than ,';-inch of asbestos shall be used for any purpose; 
where thin sheets are used same to be lapped so that there shall be no 
open joints. 

EQUIPMENT. 


SECTION I. Vessel must be equipped with at least one steam fire-pump 
of a size not less than that required by law, which must be connected to 
the fire-main. 

SEc. 2. At least one hand-pump must be carried, which must be con- 
nected to fire-main, and handles for working same must be kept in place. 
Hand-pumps must be kept accessible and clear of cargo at all times. 

SEc. 3. A water-main must be fitted, extending the entire length of 
ship, at least 2 inches in diameter, connected to steam-pump, hand-pump 
and to fire-plugs. 

NoTE:—Steamers now equipped with 14-inch main if approved by 
local steamboat inspector will be passed for 1910, but 2-inch main will be 
imperative for I9II. 

SEC. 4. There shall be at least six fire-plugs located as follows: One 
in or near boiler-room, one in fantail above deck, one on upper deck aft, 
one on forecastle deck, one on main deck at after side of forward house, 
and at least one on main deck about midships, but in no case shall the plugs 
be more than 75 feet apart. 

SEC. 5. Hose to be at least 14 inches in diameter in shots of not less 
than 50 feet with proper couplings and nozzles. Two shots of hose to be 
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kept forward and two aft. One shot forward and one aft must be kept 
attached at all times, and the other shot forward and aft must be kept 
accessible and ready to be attached instantly at all times. Wherever a 
plug has no hose attached it is to be covered with a cap and spanner to be 
secured alongside for removing cap and attaching hose. : 

Sec. 6. At least five chemical fire-extinguishers of make approved by 
the Board of Steamboat Inspectors and in good order to be kept on board 
at all times and to be located as follows: One each in engine-room, dining- 
room, galley, pilot-house and passageway forward, all to be accessible at 
all times. 

Sec. 7. All lamp rooms, oil rooms, holds and all coal bunkers when 
located in hold to be fitted with steam fire-extinguishers and valves for 
opening same to be easily accessible and clearly marked “Steam Fire- 
Extinguisher.” 

If a vessel be over 1,000 tons net register, and have only one hold, 
it must have two steam fire-extinguishers, one forward and one aft. 

Nore:—Steam extinguishers in bunkers will not be required when . 
objected to by local steamboat inspector. 

Sec. 8. All waste to be kept in metal'cans provided with spring hinged 
covers and constructed of heavy material with rolled joints. 

Sec. 9. All oil (whether for illuminating or lubricating purposes— 
except unbroken packages) must be kept in metal tanks which must have 
metal drip-pans under them and all illuminating oil must be kept in oil 
room. No open barrels of illuminating or lubricating oil to be carried, and 
not more than three unbroken packages of oil for the steamer’s use to be 
carried. ’ 


MAINTENANCE. 


SECTION 1. Coal bunkers when located in hold to be cleaned thoroughly 
when laid up at close of season, and no coal to be left in bunkers. Vessel 
to be thoroughly cleaned and no waste or rubbish left on board. 

Src. 2. No open lights shall be used on board except the customary 
torches in engine and boiler rooms, signal lights and candles when used for 
trimming cargo. 

Sec. 3. All members of the crew shall be assigned to stations to be 
taken in case of fire, and fire drills shall be held in voyage about the first 
and fifteenth of each month of navigation, but in no event less than twice 
each month. ‘These fire drills are not required in freezing weather. At fire 
drills water shall be thrown from every attached shot of hose. 

SEc. 4. The master shall examine all fire equipment at least once each 
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week, noting the results on blanks provided for that purpose and mail such 
blanks properly filled out on or about the first day of each month to The 
Vessel Register, 64 Wall Street, New York City. 

SEc. 5. The master must see that all fire equipment (hose, buckets, 
fire-extinguishers, etc.) is kept in good shape, and all worn out or defective 
equipment must be immediately replaced with new. 

SEC. 6. The master and chief engineer must see that vessel is kept 
clean, that no waste or rags, whether dirty or clean, are allowed to lie 
around. No dirt or rubbish must be allowed to accumulate and if any 
oil is spilled it must be cleaned up at once. 

SEC. 7. When vessel is laid up at close of season, word shall be sent 
to The Vessel Register, 64 Wall Street, New York City, as soon as possible 
thereafter. Vessel must be laid up free from specially hazardous exposure 
and if possible under city fire protection. 


COPY OF REPORT MASTERS OF VESSELS IN THE REGISTER 
ARE REQUIRED TO SEND IN MONTHLY. 


pe oC MASTER’S MONTHLY REPORT. 


ne 


To be filled out and mailed on the first of each month to The Vessel Register, 
64 Wall Street, New York City. 


(QB ce ced. Beagle gp Songer cand heen iar atte OCHO ME Sen re a BAB 
Onset Me pli OLE heper ae eerie ta Se AA PSN eet ON Via 2 EOa hy. 
Have you personally examined the fire equipment each week and found 

SATMC PIM OOUUCONGITIOM ts pees eee Serr etn erate, Sah Shen SO ky leo PAO 
Dideyort tmdlanmy detective, equipmentyer se he) ok ee ee oe. 
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Have you had a fire drill twice during the month, throwing water from 


a i 


Master. 


DISCUSSION. 


PRESIDENT TAayLorR:—Gentlemen, I would like first to ask the author of the 
paper what are the four steamers that were nearly totally destroyed by fire in the 
vicinity of New York in the last year? 


Mr. McComs:—The Steamer Manhattan, the Redfield, the M. Martin, and 
the Poughkeepsie. 


PRESIDENT TAyLOR:—Now, these examples show what I have said on this floor 
before, that steamers of well regulated Companies in actual service are not often 
destroyed by fire. A very unfortunate accident happened here in the East River 
a few years ago that is still brought unnecessarily to your minds and the minds of 
the public; that steamer was taken out very early in the season, after being laid 
off all winter, with a crewthatwas mostly picked up promiscuously, and she carried 
a very large number of women and children many of whom lost their lives in the 
panic that always accompanies a fire. It was a deplorable accident, but it was 
very exceptional, for the burning of steamers more often occurs when they have 
been laid up or about to lay up when the crew is reduced and discipline relaxed. 
The Manhattan was lying at Portland, Maine, waiting for transfer of ownership to 
go the Pacific Coast; and the Redfield, Martin, and Poughkeepsie, all at least forty- 
five years old were lying up the Hudson River. I think they had no passengers. 

I believe it is improbable that a fire like that of the Slocum can take place on 
the well regulated lines carrying passengers in the vicinity of New York. 

It is practically impossible to make a steamer absolutely fireproof against fire 
in a cargo, because any fireproof construction that will withstand a cargo fire will 
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weigh entirely too much for a vessel to carry on its displacement. On land this 
matter of displacement so important to the naval architect does not trouble the 
architect of buildings for a foundation on old Earth can be made to carry any weight. 
But on land right here in the City of New York, as well as elsewhere, can be seen 
the futility of using heavy steel so called fireproof construction, because when a fire 
of materials within the building takes place the steel construction, be it as good and 
heavy as possible, will be twisted, torn and bent until it falls into ruins. 

The only surely fireproof building construction is that where the steel portions, 
uprights and beams, are entirely protected with brick or cement and concrete, like 
the building in which we are now holding this meeting. Contrast the weight of this 
structure with the weight that can be possibly allowed in that of a steamboat or 
steamship. 

No steamboat construction that can possibly be borne on the limits of draught 
of water can stand afire in cargoon deck, and even steamships with fire in the hold 
though they reach port are usually flooded and sunk at the wharf by the means of 
extinguishing the fire. 

The naval architect and marine engineer does the best he can with compli- 
cated demands and it is not want of thought that prevents his making his work 
perfect. 

I believe the city of New York has the best Fire Department in the world, but 
with all its facilities on the stable earth, with its general possibility to fight its fire 
from all sides, property is destroyed and lives are lost. Can it be expected then that 
there will never be such losses on steamers with the natural difficulties that attend 
them to say nothing of the greatest difficulty of all, that of controlling human beings 
in time of excitement and danger? 

I have found that the managers of all well regulated lines are most anxious to 
reduce the chance of loss of life, and in looking up statistics, which I will furnish, I 
find that including the Slocum disaster, which was most deplorable in every way, 
and which should never have happened, there are in proportion to the number of 
persons carried fewer lives lost on our steamers than on our railroads, and more lives 
lost in the city of New York, with its great fire department and apparatus in the 
last year than have been lost by fire on our steamers in five years. (Applause.) 


Deputy FirE CHIEF JoHN KENLON, Visitor:—Mr. President and Gentlemen, 
while listening to the reading of that paper it occurred to me the subject was not 
of much interest to you. The author, however, has made many excellent points; 
he has shown a good knowledge of the duties of a fire chief. 

The modern tendency is to get all the luxury possible not alone in hotels and 
dwellings but in the modern steamship. Every device, every possible means is em- 
ployed to cater to the fancies and the comforts of the public. 

Let me ask you, gentlemen of this society, if you have kept pace with architects 
that construct these modern buildings in providing means of protecting life in steam- 
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ships; particularly ships plying between here and Europe and other parts of this 
country? What have you done toward installing apparatus and equipment for the 
men who go to sea in charge of these ships. Oftimes carrying 2000 people on board 
loaded with cotton, lumber, and rosin? Such combinations are coming to this port 
and leaving it every day. Can you tell me of the installation of any apparatus for 
extinguishing a fire on these ships? I know of none except the steam jet. 

We have been called upon to extinguish fires on steamers plying between 
southern ports and European ports where the only means they had of holding the 
fire in check, and some very dangerous fires too, was the steam jet. 

I see the gentleman who prepared this paper says it is a very excellent means 
of extinguishing fires. Well Iam sorry to differ with him. ‘omy mind it is a very 
poor means of extinguishing fires. 

Permitmeto makeasuggestion. It occurred tomewhilesitting back there look- 
ing over that paper that a system of piping could be installed reaching into each 
hold and deck that would be connected with a perforated pipe or sprinkler system. 
Water pumped directly through such pipes would be a better means of extin- 
guishing a fire than steam; the pipes would also be a good means of locating the fire. 
At present it is very difficult to locate. 

I have in mind a case of a steamship that left this port some time ago with a 
large crew and 2000 passengers; she caught fire on the passage to Europe; steam 
was poured intothe hold on thefire for 3 days; notwithstanding this the temperature 
got so high that there was danger of the plates buckling; the captain fortunately 
thought of drilling through the tunnel and forcing the contents of 5 or 6 cylinders 
of carbonic acid gas into the compartment; this so reduced the temperature that 
the ship safely reached port; when the hatches were removed however flames shot 
up 75 feet. Now I am not an alarmist—this is not said to frighten people. 


THE CHAIRMAN:—We have a great many military members you know who 
are not afraid of anything. 


CHIEF KENLON:—They might be afraid of a dangerous fire. 


Mr. W. I. Bascock, Member of Council:—Mr. Chairman, there are certain 
passenger boats on the Lakes—those of the Goodrich Line operating on Lake Michigan 
from Chicago, for instance—that are fitted with a very complete installation of auto- 
matic sprinklers, both in the freight spaces and the passenger spaces, and the latest 
built steamers of that line are also fitted with fireproof bulkheads, extending right 
up to the first passenger deck, all openings in which can be closed tight in case the 
necessity arises, Mr. A. W. Goodrich, the president of the Company, and an esteemed 
member of this Society, is very much interested in the subject and has made 
a thorough study of it for many years. This matter is of so much importance and 
interest, not only to the members of this Society, but to every owner and manager 
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of passenger carrying steamers anywhere, that I will endeavor to procure from Mr. 
Goodrich a complete description of what has been done in this line on his latest boat 
and incorporate it in our proceedings when published. 

The Chief is a fine man and a first class fireman, but he is not a Naval Architect, 
and when it comes to the question of making a vessel fireproof, I think he does not 
at all realize what it means. 

It is a most difficult matter to make a buiding on land fireproof, and it cannot 
be done by simply using metal construction—the metal must be covered in with 
concrete or plaster to protect it, the great weight of such material being of course 
no objection. A skyscraper can be built so that a fire can be confined to one or two 
rooms, but that is largely because of the small size of the rooms, and a ship can not 
be built that way. The question of weight is paramount on a ship; the question of 
subdivision—of dividing theshipinto compartments—must be taken into account, as 
well as the draught of water, the speed, the amount of fuel necessary,and many other 
things. 


Mr. A. W. Goopricu, Member (Communicated) :—At the request of Mr. W. I. 
Babcock, I am glad to give the following description of the arrangements used in our 
latest built steamer for guarding against fire. 

The S. S. Alabama of the Goodrich Transit Company, operating from Chicago, 
on Lake Michigan, was built by the Manitowoc Dry-Dock Company of Manitowoc, 
Wisconsin, and went into service in June 1910. She isa single screw steel steamer 
250 feet keel, 271 feet 6 inches over all, 44 feet moulded beam, 17 feet deep to main 
deck and 27 feet deep to spar deck, drawing 12 feet 6 inches loaded, and of 2626 gross 
registered tonnage. She has five decks, orlop, main, spar, promenade and boat, and 
the hull is divided by seven watertight bulkheads into eight compartments, and 
the orlop deck is watertight in Nos. 1, 2, 3, and 7 compartments. 

The machinery is amidships. There are three Scotch boilers in the hold and a 
triple expansion engine of 2250 indicated horse-power. 

Cargo is carried in the hold below orlop deck forward and on portions of the 
orlop deck both forward and aft, also on the main deck from the boiler room to with- 
in about 60 feet of the bow. ‘The remainder of the orlop and main decks, and all 
of the other three decks are devoted entirely to passenger accomodations and crew’s 
quarters, there being altogether 129 staterooms for passengers. 

Orlop and main decks are of 15 pound steel plate on steel beams. ‘The spar 
deck is of No. ro steel plate on steel channel beams and covered with a 1% inches 
matched pine deck laid on battens. The remaining decks, houses and partitions 
are of wood. All floors in quarters on main and orlop decks are of asbestos composi- 
tion except in the galley, where it is brick, and all partitions are of steel. 

The lower freight space, or cargo hold, is divided into two holds, one under the 
galley and crews mess rooms, and the other aft of bulkhead No. 3, extending to 
the bulkhead at the forward end of the coal bunker, and below the orlop deck. 
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There is also one cargo hold between the orlop deck and the main deck, in other 
words, this portion of the cargo is contained in three steel rooms, all equipped with 
the automatic dry pipe sprinkler system, which I consider far superior as a means 
for extinguishing fire originating in the cargo, as against the introduction of live 
steam, for the simple reason that the use of live steam would injure the entire cargo 
in the space in which it is introduced; also, unless the room is absolutely air-tight 
its efficiency is, in my belief, practically nothing. On the other hand the sprinkler 
places the water directly on the top of the fire and should extinguish it with a 
minimum loss to the cargo in the ship. 

On the main deck, aft of the crew’s quarters, forward, there is a steel bulkhead 
extending across the ship, with small steel doors on either side so that the smoke 
and draft may be stopped from entering the crew’s quarters in the forecastle at the 
extreme forward end of the ship. We have divided the space on the main deck be- 
tween this bulkhead and a bulkhead forward of the boiler room into two spaces by a 
steel bulkhead with large sliding steel doors. The hydraulic elevator in the forward 
part of the ship is also enclosed in steel doors. The idea of this bulkhead across the 
main deck is for the purpose of stopping the draft in the event of fire originating in 
the cargo. In other words, it is impossible for the entire cargo on this ship to become 
ignited at any one time. The steel bulkhead extends the entire width of the ship, 
with similar doors in it, forward of the fire room. This is done so that the smoke 
cannot drive the stokers out of the fire room, as happened in the case of the steamer 
Atlanta (which fire was under control of the sprinkler system as long as the stokers 
were able to stay at their work). 

The engine room skylight and the space around the smoke stack is of steel, 
extending well above the hurricane deck. In other words, you can stand on her fire 
room floor and see the sky. In addition to ample space being allowed around the 
smoke stack, we have thoroughly insulated the steel casing around the stack, using 
a material furnished by the Johns-Mansville people, which is filled with air cells, and 
I must say affords most excellent insulation. The engine room, which has rooms 
on either side of it for the passengers’ baggage, is fitted with wire glass windows set 
in heavy brass frames, thus making the engine room, itself, from the floor of the ship 
to the hurricane deck, one steel room without any woodwork whatever. Abreast of 
the boiler room, on either side, we have fitted a double connection to the sprinkler 
system so that in the event of fire in any port, connection to the sprinkler system 
may be had by the local fire department. Owing to the fact that every fire marshal 
believes in the right to use his own particular standard of hose coupling, we carry 
on board the Alabama six different fittings, representing the six principal towns on 
Lake Michigan where she is apt to land, that their hose may be connected. I may 
add that where these connections are, there is also a large square opening in her bul- 
warks so that you may enter from the dock side no matter what the condition of the 
fire may be on the ship, as there is absolutely nothing in this space that can burn. 
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Her spar deck is of steel. Another steel bulkhead extends across the ship aft 
of the engine room space, which isolates the purser’s office, check room, etc., from 
the other parts of the main deck. Her after cargo hold is similar to the forward one, 
with the exception that no freight is stowed below the after orlop deck. 

The ship is fitted with about 300 sprinklers, of which there are about 115 in 
freight spaces and the remainder in various parts of the crew’s quarters and passen- 
ger accomodations. In the cargo spaces each sprinkler covers from eighty to one 
hundred and twenty square feet of floor space. Starting with a six inch pipe from 
the pump the sizes are gradually reduced until the final connection to each sprinkler 
had itself is a three-quarter inch pipe. 

It might be well to call attention to the fact that we have not seen fit to place 
sprinkler heads in every stateroom as I really believe this to be unnecessary on a 
ship arranged like the Alabama for the following reasons: 

Staterooms that are occupied only by passengers, and having a window opening 
on a deck, as well as a doorway opening to the inside of the cabin, afford two oppor- 
tunities to approach the fire, should a fire originate in a stateroom. A fire in a state- 
room on a steamer used on comparatively short runs, is almost unheard of. There 
are but three causes that I can think of that might cause a stateroom fire, two of 
which the crew would be informed of very shortly by the person starting it having 
to leave the room, namely, the use of the alcohol lamp, carelessness in smoking, or 
possibly defective electric light wiring. To guard against fire originating in an un- 
occupied room we have placed two thermostats in every room, which should give 
an immediate alarm, and it is impossible for a fire originating in a stateroom to gain 
rapid headway, owing to the construction of the room, and the athwartship bulk- 
heads, as you know, do not burn very readily. We have abandoned the old fashioned 
grill over the staterooms, and fitted them with solid panel transoms, which the 
passengers may open or close at will. We find that as a rule they are kept closed. 
This also has a tendency to prevent the spread of fire. Where a stateroom is cleaned 
every day and contains nothing but bedding and towels, you can see that there is 
_ very little,in fact nothing, there to start a fire. We have, however, placed a sprinkler 
head in our inside rooms for the reason that they afford only one opening from which 
the fire could be attacked by a stream of water. We have also placed a line of 
sprinklers in the hallways between the inside and outside staterooms. The crew’s 
quarters are all sprinkled for the reason that in these rooms men accumulate cloth- 
ing and junk of every description, which might possibly permit of spontaneous com- 
bustion. We have also placed a sprinkler head under every stairway, and in what 
is generally called locker spaces, as with the very best of care, employes are apt to 
accumulate and throw papers, rags, and most anything into them, which in reality 
should be thrown overboard. 

The following is a list of pumps, hose connections, etc., connected to sprinkler 
system and hose lines: 
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Water. | Steam. | Stroke. | Gals. 


ENGINE Room:— 


Ty duplex: pump she be aticaieainaeis heme ewnl ree eee 74 12 12 600 
rpAhrenthrejengineiduplexeee rere eee eerie rere 6 10 8 1200 
ZED CAN DUMPS eratrise7e-hva tiie is Gen eee ie ae eto eae 6 6 8 180 
BBL eed PUI PS vse ceusrov ae orcas lee ee Oe ake a eS a ere: 6 10 12 390 

2370 


ForeEcastLE DECK:— 


pjrenael oles Fyrvl sie jolbbibo) G58 B Geo nangcedaadovosanocsdbavoosaclagadsacdboococos 50 


Fantai.—Main DEcK:— 


thandidecksandifirespunipy5ixiSeeenaee ei ite neces eee eis Sener Serene 50 

2470 
ToyhoseyconnectionsionViainpDeckiwithieeey eee ee eee rere eee ee eer eons 750 feet of hose. 
6 hose connections on Main Cabin Deck with ................0000e ccc cc ccc es eeees 300 feet of hose. 
6 hoseyconnectionsinsidey Main) Cabiniwith)e eee een eneeceeen eee aeemaeeean 300 feet of hose. 


. ..650 feet of hose. 
. ..300 feet of hose. 
...200 feet of hose. 


6 hose connections inside Cabin Upper Deck with..................... 
4 hose connections on Boat Deck with................ceceeeeveeeeeeee 


otalsnumber: oftfeet/ofsrguhosedeyax-ierseeeacisieicte re miei ovrclalerce orca ae ee ree 2500 


Two 23-inch Hose Connections on Main Deck with 200 feet of 24-inch hose 
with Siamese connection to 150 feet of 33-inch hose. 

We also carry in the galley a number of small paper bags, hung to hooks on the 
partitions, containing sand, mixed with a little starch to keep it from caking, for 
use in case grease boils over and takes fire. 

The real advantage of a portable hand pump over a chemical fire extinguisher 
is this, that in the event of your chemical working, after you have discharged its 
contents it is then useless until it has been recharged, which under the most favorable 
circumstances, requires some time. On the other hand the portable hand pump 
can be filled while it is being operated, by a man carrying water to it in a bucket so 
that the stream from it may be kept constantly working. These pumps should be 
equipped with extra long hose so that the pump may always remain on the floor, 
and if necessary for a man to stand on a ladder, chair or box, he will have sufficient 
hose to reach. The Alabama is equipped with twenty-four of these portable hand 
pumps, distributed in easily accessible locations. 


PRESIDENT Taylor (Communicated) :—Supplementing my remarks in the dis- 
cussion of this paper I now add the statistics to which I referred. It is to be noted 
that previous to 1908, no record was kept of the lives lost at fires in the city of New 
York. 
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216 SUGGESTIONS FOR REDUCING THE LOSS BY FIRE ON VESSELS. 


Any suggestion toward making steamers safer from destruction should be 
gladly received and considered by the Members of this Society, but we should care- 
fully avoid being alarmists. ; 

Criticisms are often made of the United States Steamboat Inspection Service, 
for like other human endeavors their efforts are sometimes imperfect; but it must 
be remembered, to their credit, and to the credit of the officers and crews, that com- 
parative records of many years clearly show a remarkable degree of safety for the 
passengers and crews on our steam vessels. 

Crossing the streets of our city is more dangerous than traveling on our steamers. 


Mr. SamuEL D. McComs, Member (Communicated) :—President Taylor has 
made a mistake which I should like to correct. He states that the four passenger 
steamers I named as burning in the past season were all laid up when they burned. 
This is incorrect, the fact being that all four were in commission, and they were 
all running and carrying passengers when the fires started. No lives were lost, as 
the steamers were promptly run into docks and everyone taken off in time. It is 
fortunate that in most cases where a vessel catches fire, it is possible to make some 
nearby dock and allow everyone to escape—or when at a distance from land, that 
there is usually time to get in the boats, which accounts for the small loss of life 
by fire in comparison with the loss caused by marine disasters. 

The writer has dealt with over six hundred losses on vessels and finds that the 
majority of fires start while vessels are in commission—the most notable exception 
being small tugs which usually burn while locked up for the night with fires banked. 

The following figures are taken from the records of the Bureau of Navigation, 
Department of Commerce and Labor. 


Number of steam Number of steam | Number of lives | Number of lives 
Fiscal year merchant vessels | merchant vessels| lost on vessels lost on vessels 
ending Jun 30. | totally destroyed | totally destroyed | totally destroyed | totally destroyed 
from all causes. by fire. from all causes. by fire. 
1906 128 53 308 12 
1907 149 56 441 48 
1908 arr5)y 58 369 5 
1909 122 57 378 16 
1910 190 93 347 23 
Total 704 317 1843 104 


It will be noted that the loss of life given in this table is only that which occurred 
on vessels which were totally destroyed, and it is probable that the loss of life on 
vessels which were only partially destroyed is equally as large. Figures are not 
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available prior to 1906, but if we include the number lost on the Steamer General 
Slocum in 1904, which was 957, it would bring the average number of lives lost by 
fire on vessels for the last seven years up to about 200 a year. This is only 
on the merchant vessels of the United States. It will be noted that of 704 steam 
vessels lost in the last five years, 317 were by fire, showing that nearly as many 
steam vessels are destroyed by fire each year as by sinking, stranding, collision and 
all other marine perils combined. 

I do not want to criticize Steamboat Inspectors at all, as I have the highest 
regard for all those whom I know, but the Steamboat Inspection Laws under 
which they are compelled to work are in many respects absurd and antiquated, 
and in my opinion need revision. I believe this could be best done by a committee 
of members of the Society, and I sincerely trust that the Society will take the 
question up and at least make a thorough investigation of it. 

Approximately the loss by fire on American vessels every year is 200 human 
lives—zo0 vessels ofall descriptions, including 60 steamersand much valuable cargo, 
the monetary loss being about $4,000,000, the problem of reducing this is worth 
most serious attention. 


THE CHAIRMAN :—Gentlemen, I am sure that in your behalf I can extend your 
thanks to Mr. McComb for his very interesting paper, which has brought out also a 
most interesting discussion. 

President Taylor resumed the chair. 


THE PRESIDENT:—Gentlemen, the last paper before this meeting is the paper 
on ‘‘Two Marine Installations of Producer Gas,” by Charles B. Page, Esq., Member. 
Mr. Page read the paper. 


TWO MARINE INSTALLATIONS OF PRODUCER GAS. 


By CuHarues B. Pace, Eso., MEMBER. 
[Read at the eighteenth general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 17 and 18, r910.] 

Last year the members of the Society had the pleasure of listening 
to an article on ‘‘The Producer Gas Boat Marenging,’”’ by Mr. H. L. Aldrich. 
The profession as well as vessel owners are deeply indebted to Mr. Aldrich 
for taking the first step toward what must shortly be a very extended use 
of producer gas power on shipboard. 

While the Marenging was but forty feet in length and powered with a 
twenty-five horse-power plant, the practicability of marine producer gas power 
was amply demonstrated at least for small powers. The next boat to be 
fitted with producer gas was the auxiliary Geodetic Survey Yacht Carnegie. 
The power plant consisted of a 150 horse-power anthracite coal producer 
and a four-cylinder, four-cycle, regular type marine engine adapted to 
the use of producer gas by enlarged inlet and exhaust valves and passages 
and increased compression. Both producer and engine were constructed 
largely of nonmagnetic materials and were especially notable because of 
this fact. “The Carnegie has been in commission since the summer of 1909, 
has made one round trip across the Atlantic, is now in the southern hemi- 
sphere, and is expected shortly to go to Australia. 

The next installations of marine gas power, so far as I am informed, 
were made in the power boats Mary A. Sharp, operating on Chesapeake 
Bay and tributaries, and the Superior, of Bayfield, Wisconsin. Illustrations 
will be found on Plates 71 to 75. These two boats are the first commercial 
craft, certainly of any size, in America to be powered with producer gas. 

Their principal dimensions are as follows :— 


MARY A. SHARP. 


Length over all..... LSA AON ean en a RENE er EEE 66 ft 
BEYER CI Ae Bi ave NNN Toh Ula esl AUN Kaeturiige Pee Ten ee 14 ft. 6in 
WEP EMROfPiOld re ee Mia sre ars neve Go arnminiete ae elon Spite. 3) iil 
Producer— 
Diametenor Stellen seen rakes e 4 ft. 
CL TE Hon Ce NE Cie No 6 ft. ro in. 
Hngineyschrec-eviindens nn sans ese ae 75 Bi lee 
SOLS eRe Serta oes Manel SL CRIS RM nea ats ern S 9 in 
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Air starting and reversing and direct connected to propeller shaft. 
Propeller, 3-blade— 


DNA CER tre ae hee Mr nS ee Ae ce 44 in. 
Patchy hae ony OG es aes a oars epee es EN 56 in 
SUPERIOR 
ene thuover alll 3a Cee coer epin: tn eae ene 65 ft 
8 {72h 00 Meee epee, theese oh corer Suen ole BA aa eyo en's 12ift, oun 
Depth: of holds the ae. ee ee eee 4 ft. 
Producer— 
Dianveter otiswell. elena ore eer Zt. Gime 
US Ce) (04 ol ey ein i MRS ex Pim ret a 5 rene: oy ee As (Hie =O, ae 
meine stWiO-GyliiCle tales ee se ieee ey ae ere 50 5. Hoe 
 BYG)C Seneca MBI APNE Hosermon ba irene SaRee hae OLA g in 
SGROKE Sips ate Coenen ae ate Cn ear een 12 in 


Air starting, fitted with reverse gear. 

Propeller, 3-blade—- 
IDIATIOCER Nar str, cory louie eee a nee et eres, 40 in. 
| ZA OW ae Me we PA Neate eRe SS cial Sod dey 54 in. 


The same general description will cover the interesting points of the 
power equipment of both boats. The producers used in both installations 
are the same type and make as fitted in the Marenging and Carnegie. The 
producer as shown in the photograph is a cylindrical steel shell lined with 
asbestos and fire-brick to such a thickness that, when running at full load, 
the heat radiation is not important. While the shell is rather warm to 
the touch, it cannot be regarded as hot. With proper ventilation this heat 
in summer is not objectionable, while it is most agreeable in other seasons 
of the year. The whole principle being one of suction or vacuum, there 
is no escape of gas into the boat. The writer has been aboard the Mary 
A. Sharp after she had been closed up for a week, excepting about half 
an hour every other day when a little additional draft was given to the 
producer to keep the fire alive, and found no odor of gas in the engine- 
room. Ata suitable distance above the bottom to form an ash-pit is located 
the grate and on a line with this are two fire-doors for slicing the fire and 
raking off the ashes. An ash-pit door is fitted for the removal of ashes 
and clinkers. The coal is fed into the producer through a hopper on top, 
and just below, reaching into the center, is the gas take-off pipe. The 
side walls of fire-brick are substantially vertical and we have then a fire- 
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brick lined cylinder filled with anthracite pea coal in various stages of 
combustion. While operating, the hottest fire zone is from six to eighteen 
inches above the grate. Above this is a red hot and black hot layer of coal 
extending up to the take-off pipe. The top of the producer is effectively 
insulated by a considerable layer of coal around and above the take-off 
pipe. Thus it will appear that the producer itself is extremely simple. 

Contrary to general land practise there is no water vaporizer whose 
function is to generate steam vapor which, mixed with the air and passed 
through the fire, serves the double purpose of enriching the gas (the steam 
forming water gas) and softening the clinker. A number of attempts have 
been made to incorporate this device with marine producers but without 
success, owing to the deposit of salt and the effect on the vaporizer of the 
rolling and pitching of the vessel. It is in fact a mooted question whether 
the presence of considerable water gas is not a detriment rather than an 
assistance to a smooth-running engine. This being the case, it is only 
necessary to find a substitute for steam for the softening of the clinker. 
Exhaust gas introduced under the grate has this effect. The exhaust 
line from the engine is accordingly tapped and a portion of the exhaust 
by-tapped to the producer. To keep the ashes and the bottom of the 
producer cool a small quantity of water is run into the ash-pit, say fifty 
drops per minute on a seventy-five horse-power producer. Such steam as 
is formed from this small amount of water of course is turned into water 
gas and assists slightly in keeping down the clinkers. 

With proper care the grate should last two years or more as the best 
operating conditions require a layer of ashes between the grate and the 
hottest fire zone. The fire-brick lining is good for three to five years accord- 
ing to usage and the skill of the operator. Relining is comparatively 
inexpensive. 

The gas is taken off near the top of the producer through a two-way 
water-cooled valve, one outlet to the scrubber, and the other to the purge 
stack. The latter carries off the gases from the producer when the engine 
is not drawing same through the scrubber. The purge pipe should be of 
sufficient height to induce enough natural draft to keep the fire alive when 
standing by for long periods—weeks if desired. The purge pipe is most 
conveniently run into a dummy stack which may also contain the exhaust 
mufflers. The scrubber, whose function is to cool and clean the gas, is 
shown in the photograph of the Mary A. Sharp located on the top of the 
engine-room house and aft the stack. It is of the static type, is cylin- 
drical in shape, and fitted with baffles, each section being provided with 
three water sprays. The material is copper and monel metal to withstand 
the effect of salt water from the sprays and sulphuric acid from the gas. 
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The operation of the producer is exceedingly simple and mechanically 
and chemically similar to that of the self-feeding parlor stove. In starting 
a new fire, a few bushels of shavings and charcoal (preferred) or wood are 
thrown on the grate. As soon as this is lit off the fan is started, giving a 
gentle blast to the fire. Coal is then fed through the hopper until the 
producer is full. Very frequently good gas of sufficient volume to operate 
the engine can be obtained in thirty minutes. The coal on the grate is 
burned to complete combustion (CO,). This gas is reduced to CO on pass- 
ing through the red and black hot fuel zones above. ‘The fire can be kept 
for months at a time and the producer is capable of being operated continu- 
ously for long periods without shutting down the engine, the removal of 
the ashes and poking down the clinker being done while the engine is in 
full operation, and this without any serious fluctuations in the quality 
of the gas and consequently the speed of the engine. The entire system 
of producer, scrubber and piping while the engine is operating is under 
vacuum, the suction of the engine inducing a draft in the producer pro- 
portional to its speed or power requirements. 

On a plant of the size of the Mary A. Sharp, it takes about thirty 
minutes to clean the fire in the morning, that is, poke down the clinkers, 
rake out the ashes, and fill the producer with coal. With a small (two 
horse-power) auxiliary engine for running a blower, it takes about ten to 
fifteen minutes to get up gas, a total of three-quarters of an hour from the 
time the engineer steps aboard until he is ready to get under way. On long 
trips the fire should be sliced on the grate and poked from the top every 
hour. Once an hour is often enough to charge with coal. On short runs 
of an hour, or an hour and a half, no poking is necessary. 

Perhaps the most interesting feature of these two installations is the 
engine. It is two-cycle in principle, in that an explosion is effected in each 
cylinder each revolution, scavenging in action and substantially equivalent 
to the four cycles in efficiency. The commercial use of producer gas on 
ship-board involves the vital questions of weight, space, first cost, and 
simplicity. The two-cycle principle naturally appeals to the imagination 
of the marine engineer as fulfilling these requirements more easily than the 
four-cycle provided it can be made economical and reliable. In land practise 
we know of the Koerting two-cycle engines which are economical on full 
loads. Nowa marine engine is operated at full power continuously. Hence 
it is evidently possible to fulfil the specifications for economy. Reliability 
is a matter of careful design, good material and workmanship, and high 
grade ignition devices. If the use of a four-cycle engine is made difficult 
by reason of its weight, space required and first cost, the two-cycle engine 
should make marine producer gas power installations commercial. 
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The engines, as stated, are two-cycle. The explosive charge after 
xpansion is completely blown out by a charge of air before the gas is 
admitted to the cylinder. The admission of the latter is so timed that none 
of the gas is lost through the exhaust ports. This gives a clean charge of 
great power and efficiency, and without any possibility of back-firing. 
Producer gas is particularly susceptible to back-firing, due to its slow burn- 
ing, and in eliminating all back-firing in the type of engine described a 
decided forward step has been made. ‘The saving in heat losses and in 
friction due to an explosion every revolution in each cylinder compensates 
in large part for the loss in the air and gas compressors. The working 
cylinders are of the ordinary construction but with exhaust ports extending 
around the entire circumference of the cylinder. The exhaust gases pass 
with the utmost freedom from the cylinders to a large water-jacketed 
exhaust manifold. Differential pistons and cylinders are used as gas pumps. 
The downward stroke of the piston induces direct suction on the producer 
compressing same into a receiver on the upward stroke. This receiver 
communicates with the cylinder heads and the air and gas valves controlling 
their admission. Air only is drawn into and compressed in the base and 
of a volume of about fifty per cent. in excess of both the working piston 
displacement and the clearance in the combustion chamber. Both air and 
gas are admitted to the cylinder through mechanically operated valves 
and are so timed that such a proportion of the air as is intended for scaveng- 
ing is first admitted, blowing out the burnt gases. The gas valve is 
then opened, admitting gas direct to the cylinder and mixing with the 
balance of the air from the base. 

The trials of the Mary A. Sharp were quite exhaustive and some interest- 
ing data were secured. Tests for horse-power were made on June 23 and 
24, each run being about eight hours. Indicator cards were taken every 
half hour. 

The card reproduced as follows was taken at practically full power:— 
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COnipressiotiiare. a ee scicee elergs Gael: cde el etre 135 lbs. 
Maximumilpressures i) 400 pod Soe hake oie bios 275 lbs. 
IREVOlUbIONS 4s, expe Ea pooch ek en SEO II eS 300 

iY (A De Oe ae an Rene EMS On tic) Aan ON Reena 56.2 
indicatedthorse=powetw.. sas. ee eee ee ae O75 


On July 14 and 15 a non-stop run of eighteen hours was made from 
Baltimore to Sharps Wharf on the Rappahannock River. Careful records 
were made of distances, revolutions, and coal consumed. Following is 
the condensed log of the trip:— 


July 14:— 

7.48 A. M. Started to blow fire (using hand blower) after two nights 
lay over. ‘ 

8.20 A.M. Left dock. 

8.36 A. M.. Arrived at coal dock. Took on ten tons of coal. 

10.42 A.M. Left coal dock. 

11.00 A. M. Arrived at oil dock. Took on one barrel of gasolene 
for canning factory. 

11.14 A.M. Left oil dock. 

1.55 P.M. Passed Sandy Point. 

6.43 P. M. Passed Cove Point. 


July 15:— 
1.33 A. M. Passed Windmill Point. 
5.30 A. Arrived at Sharps Wharf. Cruised around the river. 
6.00 A. M. ‘Tied up and closed draft on producer. 


= 


Weather favorable for entire trip with light variable winds. Course 
steered during the night not a true one owing to compass not being adjusted. 
Distance from oil dock to Sharps Wharf approximately 155 miles, but 
probably covered 160. No stop was made for any cause whatever. 


Blowing ipmine ak eee oe hectare a ees 32 min. 
ANQUVEN Sqbvavabhaer EVN ong uacusonacccaseoo os 19 hrs. 15 min. 
SOLEZB O16 Eel ON Re rena te SPs eee ae aaa ar A Te 2 hrs. 25 min. 
AVETACO ME VOIIEONS Ea er ete ieee 234.5 
Average indicated horse-power........... 60.8 


Indicated horse-power hour (allowing 4o per 
cent. for blowing up fire and standbys) . 1,246 
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Coal burned (allowing 74 pounds to fill pro- 


ditceta encom trip). ss cies ae 1,408 lbs. 
Coal per indicated horse-power............ Mesugmllos: 
Weight of engine complete, approximately... 9,500 lbs. 
NV ersiiisoigproducege anys ss iy aa etry any: 6,000 Ibs. 
Total. . : REESE RR Cee a Cele oe i STE 15,500 Ibs. 
Weight per B. H. P. (75 B. H. P. commercial 
SUE EU OND he seal eh Paes nena tine teen inte LAS 205 lbs. 
Economy of space is important, the length of 
engine and producerroom being but.... 13 ft. 3 in. 


No particular economy or horse-power tests were made on the Superior. 
She is used as a fish-runner out of Bayfield, Wisconsin, collecting fish among 
the Apostle Islands. This service is probably the most severe that a pro- 
ducer plant can be subjected to as it is constantly stopping and starting. 
Some ten to fifteen wharves are made in the course of the day with stops 
of from five to thirty minutes. 


DISCUSSION. 


Mr. H. A. EvERETT, Member (Communicated) :—I should like to say a word 
with reference to the curve of indicated horse-power on revolutions per minute 
shown on the last plate of Mr. Page’s paper. This curve is radically different from 
any similar curve previously published and is, I think, open to serious question. 
The commonly accepted theory of the propeller (Froude’s) for screw propelled 
ships gives us the fact that the indicated horse-power is proportional to the cube 
of the revolution per minute, at least approximately, but the curve here shown 
has the indicated horse-power proportional to the first power of the revolution per 
minute, a straight line, in fact; and in view of its peculiarity it would seem desir- 
able for Mr. Page to indicate the experimental points used in plotting the curve. 


Mr. Pace (Communicated) :—I have noted Mr. Everett’s comments on the 
horse-power curve shown on Plate 75. His point is undoubtedly well taken. 

A very considerable number of indicator cards were taken, ranging from 210 
to 300 revolutions per minute. These when plotted averaged up about as shown 
on plate. Had cards been taken at lower speeds, the general character of the 
horse-power curve would undoubtedly have shown up as suggested by Mr. Everett. 
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THE CHAIRMAN :—I will tender to Mr. Page your thanks for an article on a 
very interesting subject. 

We are now at the close of this part of our meeting. We will actually close 
the meeting to-night in the Astor Gallery of the Waldorf Astoria, at our annual 
banquet, and I sincerely trust I will meet each and every one of you there. The 
returns at the present time indicate that there will be the largest number in attend- 
ance that we have had at any of our banquets, and the provision for accommoda- 
tions must be made now because there is very little time left for that purpose. 
I think you will agree with me that we have had two pleasant days, and I am quite 
sure that the evening will be equally as pleasant. 

The meeting stands adjourned. 


Deaths, 1410. 


WILLIAM T. POWELL. 
SULLIVAN W. ROBINSON. 
CHARLES R. ROELKER. 
HorRACcE SEE. 


NATHAN P. Towne. 


FREDERICK M. WHEELER. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 18, 1910. Plate r 


To illustrate paper on “ The History and Economic Value of Canals, with Special Reference to 
the Cape Cod Canal,” by Commodore J. W. Miller, Vice-President. 


CHART SHOWING ROUTES 
CAPE COD CANAL 


AND VIA 
VINEYARD AND NANTUCKET SOUNDS 


QSTANCE SAVED 66 MILES 


CHARACTERISTICS 
LENGTH, SHORE TO SHORE 6 HES 
LENGTH 70 30 FEET IN EITHER BAY 135 
DEPTH 
WIDTH OF BOTTOM 
WIDTH OF BOTTOM OF APPROACHES 2850" 300 FEET 
LENGTH OF BREAKWATER 3000 


TRAFFIC 
TOTAL TONNAGE ROUNDING CAPE COD PER 
ANNUM 25000000 DIVIDED AS FOLLOWS. 
COML 9.000.000 TONS 
OTHER CRUDE MATER/AL 14000, 000° 
HIGH CLASS FREIGHT 2000000 - 
PASSENGERS 500.000 ~ 
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The History and Econonuc Value of Canals, with Special Reference to 


the Cape Cod Canal,” by Commodore J. W. Miller, Vice-President. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 15, 1910. Plate 4 


To illustrate paper on “The History and Economic Value of Canals, with Special Reference to 
the Cape Cod Canal,” by Commodore J. W. Miller, Vice-President. 


EXCAVATOR No, 2. FEBRUARY, 1910. 
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Yo illustrate paper on “ The History and Economic Value of Canals, with Special Reference to 
the Cape Cod Canal,” by Commodore J. W. Miller, Vice-President. 


May, 1910. 


DREDGE No. 9 IN EASTERN END or CANAL. 
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To ulustrate paper on “The History and Economic Value of Canals, with Special Reference to 
the Cape Cod Canal,” by Commodore J. W. Miller, Vice-President. 


RAILROAD BRIDGE, Buzzarps Bay, AUGUST 12, 1910. 
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Yo illustrate paper on “ The History and Economic Value of Canals, with Special Reference to 
the Cape Code Canal,” by Commodore J. W. Miller, Vice-President. 


SEPTEMBER, 1910, 


BREAKWATER, BARNSTABLE Bay. 


Transactions Society Naval Architects and Marine Engineers, Vol. 18, 1910. 


To illustrate paper on ‘Evolution of Screw Propulsion in the United States,” 
by Charles H. Cramp, Esq., Vice-President. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 18, 1910. 


To illustrate paper on “Evolution of Screw Propulsion in the United States,’ 
by Charles H. Cramp, Esq., Vice-President. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 18, 1910. 


To illustrate paper on “Evolution of Screw Propulsion in the United States,” 
by Charles H. Cramp, Esq., Vice-President. 
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COMPOUND ENGINES 

CYLINDERS, 57 and 90 Inches diamerr 
INDICATED HORSE-PO WER, 1800. 
MULL and ENGINES buiit at Philadelphia 


“PENNSYLVANIA " 8104 Tons Reg/sier a . oe by W. Cramp & Sons 
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To illustrate paper on ‘Evolution of Screw Propulsion in the United States,’ 
by Charles H. Cramp, Esq., Vice-President. 


Fig. 66.—INTERIOR ARRANGEMENT AND PLANS OF THE DECKS OF THE ST¥AMSHIP PENNSYLVANIA, OF THE AMERICAN LINE FROM PHILADELPINA To LIVERPOOL. THE NORRIS PETERS Co., WASMINGTON, D. C 
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Plate 12. 


. To illustrate paper on ‘Evolution of Screw Propulsion in the United States," 
by Charles H. Cramp, Esq., Vice-President. 
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To illustrate paper on “ Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on ‘‘Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on ‘Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 


Scate sire 


GeweRaAe Powroow DRAWING FOR 


20000 Tons FLOATING DRY Dock 


it, ‘ 1 a pai el 


ae ee are 


ates 


Sy Gis 


aT 


Transactions Society Naval Architects and Marine Engineers, Vol. 18, 1910 


Plate 76. 


To illustrate paper on ‘Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on “F loating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on ‘‘Floating Dry Docks in the United States; Relative Value of Wood and 


Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on ‘‘Floating Dry Docks in the United States; Relative Value of Wood and 


Steel for their Construction,” by William T. Dennelly, Esq., Member. 
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To illustrate paper on ‘Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 


| WT TT mena TT 
CETTE Tr eM « I 
Let T T ; — i = 
- yu USL : : : Like Le : REE _ BODE GRRE: A IA ET s RSE 


7000 TONS FLOATING Dry Dock. 


re 


PES SD ee ee ele 


eo fee 


SOE weed 


2 


Beier H 
: 
{ 
tH 
} 
4 
4 
S ¥ 
rs. rn ry 
- j 


2 ¢ 
A - 


“saree. ere cbyotpalars 2 dare Uoginssee. qardiae 


. = 


+ 


me 


EDEL A 

ot een | 0 
4 ke t vA} 
r¥ 

hl 4 Be 
5) f 1a 
ia H i { 
ht om Bi 
7 } t 

i ¢ H | 


Transactions Society Naval Architects and Marine Engmeers, Vol. 18, 1910 Plate 21. 


To illustrate paper on ‘Floating Dry Docks iv the United States; Relative Value of Wood and 
Steel for their Construction,” by Wilkam T, Donnelly, Esq., Member. 
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To illustrate paper on “Floating Dry Docks in the United S tates; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on “Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on “Floating Dry Docks in the United States; Relative Value of Wood and 


Steel for their Construction,” by Wiliam T. Donnelly, Esq., Member. 
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Plate 25. 


To tllustrate paper on “Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on ‘Floating Dry Docks in the United States; Relative Value of Wood and 
Steel for their Construction,” by Wialham T. Donnelly, Esq., Member 
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To illustrate remarks by Civil Engineer A. C. Cunningham, U.S. N., on paper on ‘‘Floating 
Dry Docks in the United States; Relative Value of Wood and Steel jor their 
Construction,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on ““An Analysis of Tests of Water-tight Bulkheads with Practical Rules 
and Tables for theiy Construction,” by Professor William Hovgaard, Member. 
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Plate 30. 
To illustrate paper on ‘An Analysis of Tests of Water-tight Bulkheads with Practical Rules 
and Tables for their Construction,” by Professor William Hovgaard, Member. 
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To illustrate paper on ‘“‘An Analysis of Tests of Water-tight Bulkheads with Practical Rules 
and Tables for their Construction,” by Professor William Hovgaard, Member. 
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To illustrate paper on “An Analysis oj Tests of Water-tight Bulkheads with Practical Rules 
and Tables for their Construction,” by Professor Wiliam Hovgaard, Member. 


EXAMPLES OF APPLICATIONS OF THE TABLES. 


W.L. AT MAXIMUM DRAFT 


1=6’ h=4 s=4 
S= 2.93 SQinzin. 


oo 
STIFF.= 523 %.425 


l= 24° hai2! 3:4 


S = 79 SQiNzIN. 


“ “ a # 
STIFF.2t&R*% 5.09%5.09«35 


a a 
FACE PLATE 8*«+ 


W.. AT MAXIMUM DRAFT 


7) 


‘ 
h=5 S=a-6 S= j0.05 sqinsn. 1=13' h=-4 (nec) $=@ S=LSt SQN 
STIFF. = 7E'x3 x 425 STIFF. = 45 "x3"*.300 


eH Ay ale AG. 
Senet ang pie accu: “ a 


aa wine €e.4~8 
eae: rerae UTE 


: r “ 
ean) A estipat i 


nine ee ‘eee heard Ge eh Rs "ee cakwpe Bera 
Cet ane ac, pla hae eee oP seen ‘oT sby a 


Transactions Society Naval Architects and Marine Engineers, Vol. 18, roro. Plate 33 


To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic. 2.—THE MarINE TRANSFER ON THE U.S. COLLIERS VESTAL AND PROMETHEUS. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic. 3.—U S. ConiizeR VEsTAL AT ANCHOR, READY TO Go ALONGSIDE A BATTLESHIP TO COAL. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Muller, Esq., Member. 


Fic. 6.—BUCKET BEING SWUNG OUTBOARD WITH LoaD oF COAL. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Muller, Esq., Member. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic. 10.— U. S. Courier Vesta, CoaLinc THE U.S. S. Micuican, USING THE MarINE TRANSFER 
WITH SELF-DIGGING CLAMSHELL BUCKETS. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic. 11.—Birp’s-EYE VIEW From Top OF FirE Contro. Mast oF U. S. S. MIcHIGAN. 
Two self-filling grab buckets shown dumping through open skylights. 
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To illustrate paper on “‘ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic. 12—TaHe Marine TRANSFER ON CoLLiER Mars DELIVERING Coal IN BULK To THE 
U.S. S. PANTHER. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic 13.—THE MARINE TRANSFER ON COLLIER MARS DELIVERING Coat To U.S. S. PANTHER. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 
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To illustrate paper on “ Coaling Warships from Colliers in Farbors,” 
by Spencer Miller, Esq., Member. 
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Fic. 15.—SUGGESTION FoR A METHOD oF COALING IN BULK, OMITTING aL, HAND SHOVELLING. 
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To illustrate paper on “ Coaling Warships from Colliers in Harbors,” 
by Spencer Miller, Esq., Member. 


Fic. 16.—PLaN VIEW OF WINCHES ON VESTAL, PROMETHEUS, VULCAN, HEcToR, AND Mars. 
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To illustrate paper on “The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “‘ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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Lo illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member, 
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To illustrate paper on “The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 


. 


tron 
nu i 


MeN te ete eee © 


2 


EI aS ay 


Transactions Society Naval Architects and Marine Engineers, Vol. 18, 1910. Plate 54 


To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esg., Member, 
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To illustrate paper on ‘ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “The Gyroscope for Marine Purposes,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “ Comparative Results in Steam and Coal Consumption with Turbines, 
Reciprocating Engines and a Combination of the Two on the Steam Yacht 
Vanadis,” by Clinton H. Crane, Esq., Member. 
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To illustrate paper on “ Comparative Results in Steam and Coal Consumption with Turbines, 
Reciprocating Engines and a Combination of the Two on the Steam Yacht 
Vanadis,” by Clinton H. Crane, Esq., Member. 
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To illustrate paper on “ Comparative Results in Steam and Coal Consumption with Turbines, 
Reciprocating Engines and a Combination of the Two on the Steam Yacht 
Vanadis,” by Clinton H. Crane, Esq., Member. 
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To illustrate paper on “ Comparative Results in Steam and Coal Consumption with Turbines, 
Reciprocating Engines and a Combination of the Two on the Steam Yacht 
Vanadts,” by Clinton H. Crane, Esq., Member. 
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To illustrate paper on “ Some Suggestions for Reducing the Loss by Fire on Vessels, 
by Samuel D. McComb, Esq., Member. 


Fic. 1—GETTiInG_Punt ReApy For TEST. 
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Ic. 3—GasolInE STILL BLAZING AFTER EXTINGUISHER WAS Empty. 


TEST OF EXTINGUISHERS ON GASOLINE FrrEs. 


Plate 65 


” 


Transactions Society Naval Architects and Marine Engineers, Vol. 18, rg10. Plate 66 


To illustrate paper on “ Some Suggestions for Reducing the Loss by Fire on Vessels,” 
by Samuel D. McComb, Esq., Member. 
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Yo wlustrate paper on “Some Suggestions for Reducing the Loss by Fire on Vessels,” 
by Samuel D. McComb, Esq., Member. 
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To illustrate paper on “Some Suggestions for Reducing the Loss by Fire on Vessels,” 
by Samuel D. McComb, Esq., Member. 
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To illustrate paper on “ Some Suggestions for Reducing the Loss by Fire on Vessels,” 
by Samuel D. McComb, Esq., Member. 
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To illustrate remarks by Deputy Chief John Kenlon, New York Fire Department, on paper on 
“Some Suggestions for Reducing the Loss by Fire on Vessels,” b y 
Samuel D. McComb, Esq., Member. 
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To illustrate paper on “ Two Marine Installations of Producer Gas,” 
by Charles B. Page, Esq., Member. 
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To illustrate paper on “Two Marine Installations of Producer Gas,” 
by Charles B. Page, Esq., Member. 
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Plate 73 


To illustrate paper on “Two Marine I nstallations of Producer Gas,” 
by Charles B. Page, Esq., Member. 
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To illustrate paper on “ Two Marine Installations of Producer Gas,” 
by Charles B. Page, Esq., Member. 
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Lo illustrate paper on “ Two Marine Installations of Producer Gus,” 
by Charles B. Page, Esq., Member. 
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